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Important note: Medicine is an ever-changing 
science undergoing continual development. 
Research and clinical experience are continually 
expanding our knowledge, in particular our 
knowledge of proper treatment and drug 
therapy. Insofar as this book mentions any dosage 
or application, readers may rest assured that the 
authors, editors, and publishers have made every 
effort to ensure that such references are in 
accordance with the state of knowledge at the 
time of production of the book. 
Nevertheless this does not involve, imply, 
or express any guarantee or responsibility on 
the part of the publishers with respect to any 
dosage instructions and forms of application 
stated in the book. Every user is requested to 
examine carefully the manufacturers' leaflets 
accompanying each drug and to check, if 
necessary in consultation with a physician or 
specialist, whether the dosage schedules 
mentioned therein or the contraindications 
stated by the manufacturers differ from the 
statements made in the present book. Such 
examination is particularly important with drugs 
that are either rarely used or have been newly 
released on the market. Every dosage schedule or 
every form of application used is entirely at the 
user's own risk and responsibility. The authors 
and publishers request every user to report to the 
publishers any discrepancies or inaccuracies 
noticed. 

Some of the product names, patents, and 
registered designs referred to in this book are 
in fact registered trademarks or proprietary 
names, even though specific reference to this fact 
is not always made in the text. Therefore, the 
appearance of a name without designation as 
proprietary is not to be construed as a represen- 
tation by the publisher that it is in the public 
domain. 



To 

Anne-Grethe 
and to 

Nora, Greger, Ulrik, Andrea, Kristin, 
and Karl-Henrik 
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Preface to the Second Edition 



We have experienced amazing progress in en- 
dodontics in the decade since Clinical Endodon- 
tics first appeared. Research utilizing molecular 
microbiological methods has given us a better 
and truer understanding of endodontic infec- 
tions and thereby a better understanding both 
of our successes and our failures. The operating 
microscope has placed the root canal in a good 
light, and ultrasonically energized little tips 
have made it possible to carry out procedures 
with relative ease that we used to call heroic. 
Last but not least, the introduction of the engine- 
driven, superelastic and flexible nickel-titanium 
root canal instruments has caused nothing less 
than a clinical revolution. 



The scope of the second edition of Clinical En- 
dodontics is as before, namely to be "a simple, 
yet comprehensive textbook in endodontics." An 
attempt has been made to incorporate new 
knowledge into the original format of the book, 
and a new chapter on endodontic retreatment 
has been added. My friends and co-workers, 
Frederic Barnett and Gilberto Debelian have giv- 
en inspiring help and I thank them sincerely. My 
thanks also go to Grete Bergaust, for doing the 
drawings and diagrams, and to Per Gran for ex- 
cellent photographic services. 



Oslo, Fall 2002 Leif Tronstad 
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Preface to the First Edition 



During my years in dental education at univer- 
sities and in continuing-education settings, I 
have felt a need for a simple, yet comprehen- 
sive textbook in endodontics that would serve 
as an introductory text for dental students and 
be suitable as a refresher source for general 
practitioners, postdoctoral students, and end- 
odontists. For the sake of the cohensiveness, 
clear argumentation, and didactic clarity which 
are so important at the introductory level, this 
book should preferably have only one author. 

Clinical Endodontics was written with this 
concept in mind. It summarizes the biology of 
the endodontium and the apical periodontium 
and deals with the etiology and pathogenesis 
of endodontic diseases. Examination methods, 
diagnoses, and treatment principles are 
discussed, and main endodontic techniques are 
described. A final chapter deals with the prog- 
nosis of endodontic treatment. 

The concepts presented in Clinical End- 
odontics have developed over time under the in- 
fluence of my teachers and in close coopera- 
tion with co-workers and postdoctoral stu- 
dents. I have had the good fortune of working 
closely with the two greatest endodontists of 
all time, my teacher at the University of Oslo, 
Birger Nygaard-0stby, and my predecessor at 
the University of Pennsylvania, Lous I. 
Grossman. They had a strong influence on my 
thinking, and my respect for and gratitude 
toward these giants who became my friends 
are profound. 

Also, I would like to extend special thanks 
to the following close friends and co-workers: 
Kaare Langeland, Dag 0rstavik, Kasmer Ke- 
rekes, Okav Molven, Gunnar Hasselgren, Alf 
Wennberg, Frederic Barnett, Frank Cervone, 
Wanda Gordon, and Martin Trope. Their 



loyalty, dedication, and hard work have been a 
source of inspiration for me personally and of 
decisive importance for the success of my 
team. 

An old saying has it that teachers continue 
to learn as long as they have students. This 
is clearly my experience, and my thanks go to 
all my students, especially to my Penn 
postdoctoral students. Several of the illustra- 
tions in Clinical Endodontics are from cases 
treated in the Penn Postdoctoral Endodontic 
Program. 

Over the years, friends and colleagues from 
all over the world have contributed to my 
teaching material. In this book, illustrational 
material from the following distinguished clini- 
cians and scientists is included: F. Barnett, P. 
Brothman, F. Cervone, N. Chivian, S. Eda, 
D. Fenster, J. B. Freedland, H. Hakansson, 
L. Hansson, G. Hasselgren, K. Heyeraas, K. 
Kerekes, K. Langeland, T. I. Leidal, L. Lysell, 
I. A. Mj0r, A. Nevins, S. Niemczyk, B. Nygaard- 
Ostby, G. Persson, K. Petersson, H. Rodrigues, 
L. Spangberg, M. Trope, R. Uchin, J. Valderhaug, 
A. Wennberg, J. Zias, and G. Zurkow. Without 
their contributions this would be a lesser 
book. 

A co-worker of many years, Grete Bergaust, 
has produced the drawings and diagrams. Her 
artistic sense and technical skills are much 
appreciated, and I gratefully acknowledge her 
contribution. 

Last but not least I thank my secretaries, 
Bobbie Sena Carbo and Barbara Del Regino for 
their loyalty and invaluable aid in bringing this 
projects to fruition. 



Oslo, Summer 1991 Leif Tronstad 
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7 The Endodontium 



Structure 



The endodontium comprises the dentin and 
pulp of the tooth. Both tissues develop from the 
dental papilla, and although the dentin miner- 
alizes and the pulp remains a soft tissue, they 
maintain an intimate structural and functional 
relationship throughout the life of the tooth. 

All the cells of the endodontium are located 
in the pulp and only cellular extensions, odon- 
toblast processes, and nerve endings are found 
in the dentin. Thus, tissue reactions in the dentin 
are dependent to a great extent on the activity 
of cells in the pulp. Conversely, pulpal reactions 
may be significantly modified by tissue changes 
in the dentin. 



The Dentin 

Composition and Morphology 

The dentin is composed of approximately 70% 
inorganic material in the form of hydroxyapatite 
crystals. The organic matrix, about 15-20%, con- 
sists of collagen. Noncollagenous proteins con- 
stitute 1-2% of the tissue, whereas the remain- 
ing 10-12% is water. 

The dentin of the fully formed tooth is called 
primary dentin. It constitutes the bulk of the 
tooth and is especially characterized by the 
presence of dentinal tubules (Fig. 1.1). The tu- 
bules generally extend from the area of the den- 
tin-enamel and the dentin-cementum junc- 
tions to the pulp. The tubules are surrounded by 




Fig. 1 .1 Scanning electron micrographs of fractured near the enamel-dentin junction (mantle dentin) with 

coronal dentin from an impacted canine in a 13-year- crosscut dentinal tubules (arrows). Note small diameter 

old. a Dentin from the middle area of the crown with (0.5 jam) of the tubules (x 1 700). c Predentinal surface 

crosscut dentinal tubules (diameter: 2 jam). Fibers are with intertubular fibrous matrix (x 2600) 
seen leaving some of the tubules (x1700). b Dentin 
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peritubular dentin, which is a dense, highly min- 
eralized tissue with a noncollagenous matrix. 
Between the tubules we find the intertubular 
dentin, which consists of mineralized collagen. 
Unmineralized predentin lines the pulpal aspect 
of the dentin. 

Unmineralized matrix may also be seen inside 
the mineralized primary dentin. Well known is 
interglobular dentin, which occurs when miner- 
alizing globules fail to coalesce. From a clinical 
point of view, it is more important that the buc- 
cal and lingual portions of the incisal dentin not 
always unite, but leave an unmineralized central 
streak or a soft tissue-containing space, some- 
times extending all the way to the incisal den- 
tin-enamel junction (Fig. 1.2). Clearly, in such 
teeth, an apparent uncomplicated crown frac- 
ture will cause exposure of the pulp. 

Dentinogenesis continues, but at a slower 
rate, even after the teeth are fully formed. This 
dentin is called physiologic secondary dentin and 
it differs from the primary dentin in that its 
structure and composition may vary within the 
tooth and from one tooth to the next. As will be 
discussed later (see p. 28), increased secondary 




Fig. 1.2 Microradiograph of an incisor from an 11- 
year-old. Accentuated incremental lines of buccal and 
lingual dentin (arrows) meet at the radiopaque central 
streak, but do not join because of a slit in the dentin at 
this location 



dentin formation in localized areas of the tooth 
may occur in response to external irritation. The 
structure of this tissue will depend on the sever- 
ity of the irritation and the degree of tissue in- 
jury in the pulp and appears to be completely 
unpredictable (Fig. 1.3). As a rule, the secondary 
dentin formed in response to external irritants 
is more irregular than the physiologic secondary 
dentin. 

Dentinal Tubules 

It is well established that the dentinal tubules 
may serve as portals of entry for external irri- 
tants into the pulp. Thus, from a clinical point of 
view, the tubules are the most important and in- 
teresting component of the dentin. 

In the crown of the tooth, the dentinal tubules 
generally extend from the area of the dentin- 
enamel junction to the pulp. In the root, the 
most peripheral dentin is atubular and the tu- 
bules thus begin in an area slightly pulpal to the 
dentin-cementum junction and extend to the 
pulp. The diameter of the tubules varies from 
0.5 urn in the peripheral dentin to 3-4 urn near 
the pulp. In the bulk of the dentin they have a 
diameter of about 2 urn. Due to the much larger 
peripheral than pulpal surface of the dentin, the 
number of tubules per square millimeter area 
increases dramatically in a pulpal direction. 
Thus, at the dentin-enamel junction, the 
number of tubules is about 8000 per mm 2 , half- 
way between the dentin-enamel junction and 
the pulp it is 20 000-30 000 per mm 2 , and near 
the pulp the number may be as high as 50 000- 
60 000 per mm 2 . Similarly, the total volume of 
the dentinal tubules increases in a pulpal direc- 
tion and may constitute up to 80% of the total 
volume of the coronal dentin near the pulp. 

The dentinal tubules contain tissue fluids 
(dentin liquor) which is fluid from the pulp tis- 
sue filling out the hollows of the dentin. Odon- 
toblastic processes are present in most tubules 
and they are especially well visualized close to 
the pulp. Unmyelinated nerve endings may be 
present as well, usually in intimate contact with 
the odontoblastic processes (Fig. 1.4). In addi- 
tion, unmineralized and mineralized collagen 
fibers are seen in many tubules at all levels of 
the dentin (Fig. 1.5). 

Mineralized deposits of various structure and 
appearance occur in the dentinal tubules under 
various clinical conditions. Sometimes these de- 
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Fig. 1.3 Localized secondary dentin formation as a the dentin -secondary dentin interface due to severe 

result of external irritation (hematoxylin-eosin). disturbance of odontoblast function. The cells have 

a Secondary dentin (SD) with regular tubular structure recovered and have continued to lay down tubular 

indicating mild stimulation of odontoblasts. bSec- dentin, c Secondary dentin with few tubules due to 

ondary dentin with an atubular, cell-containing zone at death of most odontoblastic cells 




Fig. 1.4 Scanning electron micrograph of a tubule 
from circumpulpal dentin in a 21 -year-old. In addition 
to the odontoblastic process, a slim fiber which divides 
into two branches and which is interpreted as a nerve 
fiber is present (x 9000) 




Fig. 1 .5 Scanning electron micrograph of a tubule from 
the coronal dentin of a 42-year-old. A fiber consisting 
of fibrils with the cross-banding typical of collagen 
visible on their surface is present in the tubule 
(x 10 000) 



posits have the appearance of peritubular den- 
tin, and have generally been regarded as result- 
ing from a continuous formation of the peritu- 
bular dentin (Fig. 1.6). This is probably a 
misconception since peritubular dentin is a de- 



velopmental and not an acquired structure and 
since it forms in full thickness concomitantly 
with the intertubular dentin. Toward the lumen 
of the tubule, the peritubular dentin appears to 
be lined by an organic sheath which has been 
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termed the lamina limitans (Fig. 1.6). A proper 
term for tubular deposits inside the lamina lim- 
itans would therefore be intratubular dentin. 

Age Changes 

Both macroscopic and microscopic changes oc- 
cur in the dentin with increasing age, and both 




types of changes are of considerable clinical im- 
portance. 

The macroscopic age changes are character- 
ized by the lifelong formation of physiologic sec- 
ondary dentin which continually modifies the 
size and to some extent the shape of the pulp 
chamber and the root canal. At first these chang- 



Fig. 1 .6 a Electron micrograph of a 
crosscut tubule from partly demi- 
neralized root dentin. An electron- 
dense line (lamina limitans) is re- 
cognized between the peritubular 
dentin matrix and the material be- 
ginning to occlude the tubule 
(x 20 000). b Crosscut tubule from 
I undemineralized dentin occluded 
I with material (intratubular dentin) 

with electron density different from 
I that of peritubular dentin (PD) 
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es are beneficial in that they give the root canal 
a size and form that enhances the possibilities 
for successful endodontic treatment. However, 
in old age, the root canals may be obliterated to 
such an extent that necessary endodontic treat- 
ment becomes extremely difficult. Physiologic 
secondary dentin formation also occurs on the 
walls of lateral and accessory root canals, often 
causing a complete occlusion of these narrow 
spaces. This is the reason why accessory canals, 
for instance, in the furcation area of molar teeth 
which may be readily demonstrable in young 
teeth are evident only in rare instances during 
endodontic treatment of adult patients. 

The microscopic age changes of the dentin are 
characterized by the fact that an increasing 
number of dentinal tubules become obliterated 
by mineralized tissue. The occluding material is 
homogenous and consists of a noncollagenous 
matrix and small hydroxyapatite crystals. Its ap- 
pearance is similar to that of peritubular dentin, 
but as a rule it can be distinguished from this 
tissue by a difference in density or by the pres- 
ence of the lamina limitans (Fig. 1 .6). From a clin- 
ical point of view, it is important to know that 
the formation of the age-related intratubular 
dentin starts at the apex of the tooth and con- 
tinues in a coronal direction with increasing age. 
In the coronal dentin, the intratubular mineral- 
ization will not lead to a complete obliteration 
of the tubules until the patient is in his 70s. The 
process is so closely related to age that the coro- 
nal extent of the tubular occlusion is used in fo- 
rensic dentistry for age determination purposes. 

Thus, the microscopic dentinal changes that 
occur as a result of aging render the root of the 
tooth homogenous with few patent dentinal tu- 
bules. Conceivably, this may facilitate endodon- 
tic treatment of nonvital teeth where dentinal 
tubule infection is a definite problem. The tu- 
bules of the coronal dentin, on the other hand, 
will not be significantly affected by the aging 
process until the patient is old. 

The Dental Pulp 

Morphology 

The dental pulp consists of a richly vascularized 
and highly innervated connective tissue (Fig. 
1.7). It is surrounded by dentin and has a form 
that mimics the outer contour of the various 
teeth (Fig. 1.8). The pulp tissue is in communi- 



cation with the periodontium and the rest of the 
body through the apical foramen and accessory 
canals near the apex of the root (Fig. 1.9). Acces- 
sory canals are also found laterally in the root 
and in the furcation area of molar teeth. How- 
ever, from a practical-clinical point of view, the 
pulp is an end organ without collateral circula- 
tion. 

Cells, Fibers, and Ground Substance 

The most characteristic element of the dental 
pulp is the dentin-forming cell, the odontoblast 
The odontoblasts are tightly packed, regularly 
aligned, polarized cells located at the periphery 
of the pulp with cytoplasmic processes extend- 
ing into the tubules of the predentin and dentin. 
This continuous sheet of odontoblasts at the 
pulp periphery has been termed the odont- 
oblastic layer (Fig. 1.10). Ultrastructurally the 
odontoblasts are shown to be similar to other 




Fig" 1.7 Fig. 1.8 



Fig. 1 .7 Coronal pulp in the incisor tooth of a monkey. 

The odontoblast layer bordering the lightly stained 
predentin as well as cell-free and cell-rich subodon- 
toblastic zones can be recognized (hematoxylin-eosin) 

Fig. 1 .8 Overview of the tooth with enamel (E), dentin 
(D), coronal pulp (CP), and root pulp (RP). Note that the 
pulpal cavity has a shape which mimics the outer 
contour of the tooth 
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Fig. 1 .9 Apical part of the root of a human incisor (R) 
with pulp (P), periodontal ligament (PDL), and alveolar 
bone (AB). Note that the apical foramen (arrow) is 
located laterally to the anatomical apex of the tooth 
(hematoxylin-eosin) 




Fig. 1.10 Dentin-pulp interface in a monkey incisor. 

Adjacent to the dentin (D), the unmineralized (and 
unstained) predentin, the odontoblast layer, the cell- 
free zone, and the cell-rich zone can be seen 
(hematoxylin-eosin) 



connective tissue cells and their identity is 
mainly determined by their location. The odon- 
toblasts are static postmitotic cells, apparently 
incapable of further cell division. Also, the rate 
of repopulation of the odontoblast layer is ex- 
tremely slow under physiological conditions. 
Probably most and possibly all odontoblasts 
seen in teeth in older individuals are the original 
cells. The cell bodies of the odontoblasts are 
united in certain areas by cell-to-cell junctions. 
This may allow the odontoblasts to function as 
a syncytium, a continuous layer of cells. 

Another trait of pulp identity is the subodon- 
toblastic region. In the coronal pulp this region 
is characterized by a cell-free zone and a cell- 
rich zone beneath the odontoblastic layer (Figs. 
1.7, 1.10). The cells of the subodontoblastic re- 
gion differ from the odontoblasts in that they 
have a bipolar, sometimes multipolar arrange- 
ment. Structurally, the cells resemble fibroblasts 
of the central pulp, and like the odontoblasts, 
they are identified by their location. It has been 
speculated that the subodontoblastic cells have 
specific functions, for instance, that they are 
"preodontoblasts" capable of proliferation and 
differentiation into new odontoblasts. This the- 
ory and others have not been substantiated. 
However, it is known that they are involved in 
the elaboration of collagen and ground sub- 
stance like the cells of the rest of the pulp. 

In the bulk of the pulp tissue, three main types 
of cells are seen: inactive mesenchymal cells, fi- 
broblasts, and fibrocytes. The mesenchymal cells 
are thought to be multipotential in that when 
they are stimulated and undergo cell division, 
their daughter cells may develop into any of the 
mature connective tissue cells, including odon- 
toblasts. The fibroblasts are the most numerous 
cells in the pulp and are responsible for ground 
substance and collagen production, collagen deg- 
radation, and turnover. The fibrocytes possibly 
play a role in the maintenance of collagen fibers. 

As will be discussed in some detail later, the 
pulp has cells that under certain circumstances 
can develop into hard tissue-producing cells. 
Thus, after pulp capping, the dentin bridge is 
formed by new odontoblasts (Fig. 5.11). Cemen- 
tum- and bone-like tissues as well as more 
structureless hard tissues may form in the pulp 
as well. However, it is not quite clear at present 
which of the cells in the pulp are capable of dif- 
ferentiation into hard tissue-producing cells. 
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Other stable cellular elements in the pulp ei- 
ther belong to the vascular or the neural system. 
In addition, inflammatory cells such as lym- 
phocytes, plasma cells, and macrophages are oc- 
casionally seen. Mast cells appear to be a rare oc- 
currence in the healthy pulp. 

The ground substance of the pulp has a mu- 
coid consistency. It serves as a matrix in which 
cells, fibers, and blood vessels are embedded. It 
is organized as a heterogenous colloid with sol- 
uble and insoluble components. The main mo- 
lecular components are proteoglycans which 
consist of a glycosaminoglycan linked to a pro- 
tein molecule. Their major functions have been 
recognized to be the protection of the cellular 
elements and capillaries of the pulp, their in- 
teraction with collagen to form aggregates pos- 
sibly involved in dentin matrix formation, as 
well as control or inhibition of mineralization. 

The pulp has two main types of fibers, colla- 
gen fibers and elastic fibers, the latter always be- 
ing confined to the walls of larger blood vessels. 
Thus, the fibers of the intercellular matrix of the 
pulp are collagenous in nature. The fibers of the 
young pulp are small and far from numerous. 
They are distributed diffusely within the tissue 
and are often covered by a glycosaminoglycan 
sheath. In the mature pulp, larger fiber bundles 
can be seen as well, especially along blood ves- 
sels in the root pulp. These fibers are usually de- 
void of a glycosaminoglycan sheath. 

Vascular Supply 

Blood vessels the size of arterioles branch off the 
dental artery and enter the pulp through the api- 
cal foramen and possibly through accessory ca- 
nals (Fig. 1.11). Inside the pulp the main arteri- 
oles are seen in a central location extending to 
the coronal pulp. They give off branches that 
spread in the tissue, diminish in size, and finally 
become capillaries. An extensive capillary net- 
work is formed in the subodontoblast and odon- 
toblast areas of the pulp. The capillaries provide 
the odontoblasts and other cells of the pulp with 
an adequate supply of nutrients. The blood then 
passes from the capillaries to postcapillary 
venules and to gradually larger venules toward 
the central region of the pulp where they are 
seen alongside the arterioles. Two to three 
venules leave the pulp through the apical for- 
amen and possibly through accessory canals. 
Outside the tooth the pulp venules join with ves- 




Fig. 1.11 Microangiograph showing vasculature in the 
pulp of a dog incisor. The main vessels are located 
centrally in the pulp and an extensive capillary network 
is seen, especially in the subodontoblast and odonto- 
blast regions 



sels that drain the periodontal ligament and al- 
veolar bone. 

Multiple arteriovenous anastomoses exist in 
the pulp. These direct connections between ar- 
terioles and venules make it possible for the cir- 
culating blood to bypass the capillary plexus. 
They play an important role in the regulation of 
pulpal blood flow. 

The vascular pattern described above is basi- 
cally found in all single-rooted teeth and in each 
root of multirooted teeth. Thus, in multirooted 
teeth, an alternate blood supply is generally 
available, resulting in extensive anastomoses in 
the coronal pulp. However, the main venous 
drainage sometimes occurs through one root in 
these teeth. Blood vessels which communicate 
with the pulp through accessory or lateral canals 
do not contribute significantly as a source of col- 
lateral circulation, except possibly in the apical 
1-2 mm of the root canal. 

The existence of lymphatic vessels in the pulp 
is a matter of dispute due to limitations in avail- 
able investigative techniques. Recent ultrastruc- 
tural studies suggest that lymphatic capillaries 
arise in the peripheral areas of the pulp and join 
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other lymph vessels to form collecting channels 
that leave the pulp through the apical foramen. 
Moreover, there is evidence of anastomoses be- 
tween lymphatics from the pulp, the periodon- 
tal ligament, and the alveolar bone in the peri- 
apical area. 

Innervation 

The innervation of the pulp comprises afferent 
nerves which conduct sensory impulses (A-fi- 
bers) and autonomic nerves (C-fibers) that are 
mainly involved in neurogenic modulation of 
the blood flow but also in transmission of pain 
(see p. 66). The A-fibers are of the trigeminal sys- 
tem. They are myelinated, surrounded by 
Schwann cells, and enter the pulp in bundles 
with the blood vessels through the apical for- 
amen. The C-fibers constitute the majority of the 
pulpal nerves. They are unmyelinated and en- 
closed singly or in groups by Schwann cells, and 
enter the pulp with the sensory fibers. Some 
branching of the nerves occurs in the root pulp 
and the branching becomes extensive in the 
coronal pulp. Beneath the cell-rich zone is the 
plexus of Raschkow, which consists of a large 
number of both myelinated and unmyelinated 
nerve axons. From this plexus some sensory 




Fig. 1 .12 a Coronal pulp (P) from the incisor of a 71- 
year-old. Large amounts of secondary dentin (SD) have 
formed. Almost no odontoblasts are present and the 



nerves without their myelin sheath but still in- 
side their Schwann cells approach the odonto- 
blastic layer. Near the odontoblasts, terminal ax- 
ons leave their Schwann cells and pass between 
the odontoblasts to the predentin, and in some 
instances enter the dentinal tubules, where they 
end in close proximity of the odontoblastic pro- 
cess (Fig. 1.5). Nerve endings may also be 
trapped in the mineralized dentin between the 
tubules. However, most of the sensory nerves 
end in the odontoblastic layer or they pass be- 
tween the odontoblasts and return to the area 
of Raschkow's plexus. 

The physiological need for the vast number of 
nerves in the periphery of the coronal pulp is not 
immediately understood. In all likelihood they 
have proprioceptive functions. Thus, it has been 
shown that patients readily bite three times as 
hard on pulpless teeth as on teeth with intact 
pulps. 

Age Changes 

As discussed above, continued formation of 
physiologic secondary dentin over the years will 
lead to a reduction in the size of the pulp cham- 
ber and the root canal. Certain changes which 
occur in the pulp tissue can be related to the ag- 




pulp is generally poor in cells (hematoxylin-eosin). b 
Root pulp poor in cells and rich in fibers (van Gieson 
stain) 
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Fig. 1 .13 a Diffuse calcifications in root pulp (van Gieson stain), b Cellular (cementum-like) hard tissue (H) in the 
root canal near the apical foramen (AF) (hematoxylin-eosin) 



ing process as well. A striking observation is a 
reduced or missing odontoblastic layer in teeth 
from older individuals (Fig. 1.12). Fibrosis of the 
pulp is commonly seen and a reduced number 
of cells is present between the fiber bundles. Ar- 
teriosclerotic changes may occur in the pulp 
vessels, and capillaries and precapillaries com- 
monly calcify. Nerve endings regularly calcify as 
well. Intrapulpal mineralizations increase with 



age and especially diffuse calcifications along 
the vessels of the root pulp are considered to be 
an age-related phenomenon (Fig. 1.13). 

Age reduces the functional capacities of a tis- 
sue. It is conceivable, therefore, that the age of 
a patient may affect unfavorably the outcome of 
certain endodontic procedures like pulp capping 
and pulpotomy. 



Reaction Patterns 



Pulpitis 

Like other connective tissues in the body, the 
pulp reacts to irritants with inflammation (Fig. 
1.14). However, the pulp has certain character- 
istics that make it unique and that may alter this 
tissue response— sometimes dramatically. Tu- 
mor (swelling) is one of the cardinal signs of in- 
flammation. When the pulp becomes inflamed, 
anatomical limitations, that is, the hard root-ca- 
nal walls, will preclude an increase in tissue vol- 
ume. In addition, the pulp almost completely 
lacks a collateral circulation. These two factors 
place the pulp at a considerable disadvantage in 



dealing with edema, necrotic tissue, and foreign 
material. On the other hand, the pulp is the only 
connective tissue that has the ability, at least to 
a certain extent, to protect itself from external 
irritants by the formation of intratubular and 
secondary dentin. 

In the classic view of pulpal inflammation, im- 
mense importance was given to the influence of 
the anatomical environment on the pulp. It was 
assumed that with a local inflammation in the 
pulp there would be an increased blood flow 
to the inflamed area. The vasodilation and in- 
creased capillary pressure and permeability 
induced by the inflammation would result in an 
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increased filtration from the capillaries into 
the tissue, which in turn would cause steadily 
increasing tissue pressure (Fig. 1.15). Gradually, 
as the pressure outside the vessels rose, the 
thin-walled vessels were compressed. This 
would lead to a decrease in blood flow as well 
as an increase in venous pressure, which in turn 
would result in increased capillary pressure and 
a further increase in the filtration from the ca- 
pillaries to the tissue. Thus, a vicious circle 
seemed to develop, resulting in a steady increase 
in tissue pressure. Consequently, since the pulp 
lacks the possibility of expansion, the final result 
of the increase in tissue pressure was then 
thought to be a choking or strangulation of the 
pulpal vessels at the apical foramen, leading to 
a stagnation of the blood circulation with resul- 
tant ischemia and necrosis. 




Fig. 1.14 Local inflammatory responses to external 
irritation in the pulp of monkey teeth (hematoxylin- 
eosin). a Mild inflammation with filled capillaries in 
the odontoblast layer and few inflammatory cells. 



However, modern research has not supported 
the strangulation theory. For example, in exper- 
iments where the tissue pressure of the pulp is 
measured, it has been found that a pressure in- 
crease in one area of the pulp does not cause a 
pressure increase in the rest of the pulp. It has 
also been shown that when local inflammation 
is induced in the pulp, the tissue pressure in- 
creases only in the inflamed area and not in the 
entire pulp cavity. Experiments with in vivo mi- 
croscopy have confirmed that an injury in the 
coronal pulp results in local circulatory distur- 
bances and, if the injury is severe enough, to 
complete stasis in the vessels in and near the in- 
jured area. The circulation in the root pulp, by 
contrast, is unaffected in these experiments. Ex- 
perimental studies on the healing of pulpal in- 
flammation have confirmed these findings 



b Moderate inflammation with accumulation of in- 
flammatory cells in the affected area of the pulp, 
c Severe inflammation with abscess formation 
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Fig. 1.15 Diagram illustrating the so-called vicious circle of local pulpal inflammation. Broken lines suggest 
mechanisms which may break the circle 



(Fig. 1.16), and presently there is convincing ev- 
idence that even severe inflammatory changes 
in a limited area of the pulp do not result in a 
circulatory stoppage in the entire pulp. 

Based on these and other studies, a modern 
theory on the hemodynamics of pulpitis has de- 
veloped. The pulp normally has a relatively high 
blood flow which is not significantly influenced 
by vasodilator substances. Thus, only minor in- 
creases in blood flow occur during pulp inflam- 
mation, and only locally in the inflamed area 
(Fig. 1.17). The increase in capillary permeabili- 
ty, therefore, appears to be considerably more 
important than the increase in blood flow for the 
inflammatory response in the pulp. Two possi- 
bilities exist for the transport of edematous flu- 
ids away from an inflamed area in the pulp: 
1) lymphatics, and 2) blood vessels in the adja- 
cent uninflamed tissue. Increased drainage into 
lymphatic vessels from inflamed areas is known 
to occur in other tissues. In the pulp the lym- 
phatic flow would be further aided by a positive 
pressure gradient between the inflamed area 
and the adjacent uninflamed tissue. Because of 
the positive pressure gradient, transport of flu- 



ids will also occur through the tissue itself to ad- 
jacent uninflamed tissue which has normal 
structural characteristics and where no changes 
in capillary pressure or permeability have oc- 
curred. Here there will be a net absorption of flu- 
ids from the tissue into the vessels, thus pre- 
venting an increase in tissue pressure in the un- 
inflamed areas of the pulp. A generalized edema 
of the pulp during inflammation, therefore, is 
prevented by a localized increase in the tissue 
pressure in the inflamed area, by an increased 
lymphatic flow, and by a net absorption into the 
capillaries of the uninflamed tissue adjacent to 
the inflamed area of the pulp. 

Thus, the modern view of the reaction pattern 
of the pulp is as follows: The pulp reacts to irri- 
tants with local inflammation in an area of the 
tissue that is subjected to the irritants. The in- 
flammation may remain as a local inflammation 
for a long time, sometimes for years, if the irri- 
tants are mild. If the irritants are removed, for 
example, if a carious lesion is excavated and a 
restoration placed in the tooth, the local inflam- 
mation may heal (Figs. 1.18, 1.40, 1.41). The re- 
sistance of the pulp to irritants and its ability for 
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Fig. 1.16 Monkey incisorwhere severe inflammation was 
induced experimentally in the coronal pulp (van Gieson 
stain). After 90 days, repair occurred with the formation 
of fibrous tissue in the coronal pulp, a No odontoblasts 
are seen and the root canal walls are covered by a 
cementum-like tissue, b The root pulp appears to be 
unaffected by the extensive tissue reactions further 
coronally. The odontoblast layer is intact and the tissue 
remains rich in cells and poor in fibers 
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Fig. 1.17 Diagram showing blood flow in mL/min • g in 
the coronal pulp (C) and root pulp (R) of healthy 
(control) and inflamed dogs' teeth. Experimentally/ 
induced pulpitis in the coronal pulp gave only a slight 
increase in blood flow in the inflamed area, whereas in 
the root pulp no difference in blood flow was registered 
between inflamed and healthy teeth 



repair are considerable. Still, if the irritants are 
long-lasting and strong enough, the inflamma- 
tion will spread in the pulp. In most instances 
the process progresses rather slowly from the 
periphery where the irritants reach the pulp, to- 
ward the central pulp, the root pulp, and the 
periapical tissues. 

Successive necrosis of the tissue in the direc- 
tion of the apical foramen then takes place (Fig. 
1.18). 

Pathogenesis of Pulpitis 

Inflammation in the pulp develops in the same 
manner as in other tissues. The cellular phase is 
dominated at first by neutrophilic leukocytes; 
lymphocytes, macrophages, and plasma cells 
appear later. The last cell types, however, dom- 
inate the histological picture during sustained 
pulp inflammation, giving it the character of a 
chronic inflammation. 

Thus, following the vascular phase of the in- 
flammatory reaction, which in the pulp is char- 



acterized by a rather slight increase in blood 
flow, dilation and increased permeability of the 
capillaries, and accumulation of fluids in the tis- 
sue, the neutrophilic leukocytes are attracted to 
the area by chemotaxis (Fig. 1.19). They pass 
through intercellular gaps in the vessel walls 
and accumulate in the tissue, where they func- 
tion as phagocytes. If at this time the irritants 
can be removed, there is a considerable poten- 
tial for repair. If not, probably more neutrophilic 
leukocytes will arrive on the scene. These cells 
have a life span of only a few hours and will soon 
start to break down, releasing toxic cellular 
components and proteolytic enzymes which 
may destroy cells, fibers, and ground substance 
in the inflamed area of the pulp. If the tissue de- 
struction is severe enough, it may be recognized 
clinically as a drop of pus when the pulp cham- 
ber is opened (Fig. 1.20). If the leukocytic break- 
down occurs slowly, encapsuled abscesses can 
form and may be seen microscopically. This en- 
capsulation of the destroyed tissue may for a 
time delay further tissue destruction. Some- 
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Fig. 1.18 Diagram illustrating the possible outcome 
of reparative treatment of a carious lesion with cor- 
responding local inflammation in subjacent pulp 
(left). When the irritants are removed and the cavity 
is restored, the local inflammation will usually heal 
(top). However, if enough bacteria have reached the 
pulp, the inflammation will spread in spite of the 
placement of a restoration, slowly leading to com- 
plete pulpal necrosis and the development of an 
apical periodontitis 



times even calcification of the abscess mem- 



brane is seen (Fig. 1.21). It is not known whether 
or not pulpal repair may occur at this stage of 
the inflammatory process. 

Gradually, the scene is no longer dominated 
by neutrophilic leukocytes, but by lymphocytes 
that have come to the inflamed area, left the 
capillaries, and aggregated in the tissue. The in- 
flammation is now no longer acute, but chronic, 
and in addition to the lymphocytes, macrophag- 
es and plasma cells will typically be seen in the 
inflamed area (Fig. 1.22). Both B lymphocytes 
and T lymphocytes have been recognized in the 
pulp, representing the humoral- and cell-medi- 
ated systems of immunity. Invasion of the pulp 
tissue by antigenic products may be inhibited by 
the complexing of these products with antibod- 
ies and the formation of antigen-antibody com- 
plexes which in turn are phagocytized and di- 
gested, especially by macrophages. However, 
lymphocytes may also have a destructive effect 
on the pulp tissue, either through direct cyto- 




toxic activity or through biologically active and Fig. 1.19 Neutrophilic leukocytes in pulp tissue 
destructive cytokines. Macrophages can lead to responding to external irritants reaching the pulp 
tissue destruction as well through the produc- through exposed dentinal tubules (hematoxylin-eosin) 
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Fig. 1.20 A drop of pus from a pulpal abscess 
is seen in a carious cavity (hematoxylin-eosin) 



tion of cytokines, collagenase, and other pro- 
ducts. Thus, the immune response may inflict 
further damage to an already injured pulp. This 
again may result in an increased chemotactic ac- 
tivity and attraction of neutrophilic leukocytes. 
An acute inflammatory reaction may then be su- 
perimposed on the chronic inflammation. This is 
a rather common occurrence in inflamed pulps, 



although in many instances an acute episode 
will be caused by new external irritants reaching 
the pulp tissue. 

Pulpal inflammation is, therefore, a dynamic 
process. Various stages of the inflammatory 
process can often be observed in different areas 
of the same pulp. A typical observation would 
be necrosis of the tissue in the area where the 
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Fig. 1.23 Section from a tooth where pulp has been 
exposed to the oral cavity for some time. The tissue in 
the pulp chamber and coronal half of the root canal is 
necrotic. Subjacent to the necrotic tissue, the pulp is 
severely inflamed. In the apical area of the root canal 
the pulp tissue is still uninflamed (hematoxylin-eosin) 



inflammation started. The tissue subjacent to 
this area may be inflamed, dominated by the 
cells typical of a chronic inflammation. Also, in 
this area one or more encapsulated microab- 
scesses may be seen. Apical to the inflamed area, 
noninflamed pulp tissue will be present (Fig. 
1.23). Without treatment, the inflammation 
(and later the necrosis) will gradually spread in 
an apical direction until the entire pulp becomes 
necrotic. A total pulpitis in the sense that the en- 
tire pulp is infiltrated by inflammatory cells does 
not seem to occur. 

A rare variation in the development of pulp 
inflammation is the formation of a pulp polyp. 
Under particularly favorable circumstances, the 
successive breakdown of the pulp can stop tem- 
porarily when a carious attack or a traumatic in- 
jury has resulted in an opening of the pulp cav- 
ity. Instead of becoming necrotic, the pulp tissue 
may start to proliferate. A proliferating pulpitis 
or a pulp polyp then develops (Fig. 1.24). On the 
surface the pulp polyp normally has a necrotic 
layer, but in some instances it becomes epithe- 




Fig. 1 .24 Proliferation of tissue from molar root pulp, 
leading to the formation of a pulp polyp (hematoxylin- 
eosin) 



lialized. However, the epithelial lining does not 
give the protection seen in the gingiva. It is in- 
filtrated with inflammatory cells, is ulcerated, 
and bleeds easily when touched. Occasionally a 
pulp polyp may reach the gingiva, and a tissue 
bridge between the gingiva and the pulp is es- 
tablished. A pulp polyp may last for a relatively 
long time, but the end result will always be total 
tissue breakdown as described above. 

Etiology of Pulpitis 

Inflammation of the pulp can be caused by many 
etiological factors. For clinical-practical reasons 
the following division can be made: 

1. Infectious pulpitis, due to caries or exposure 
of the dentin or pulp to the oral cavity; 

2. Traumatic pulpitis, due to traumatic injuries 
of the teeth; and 

3. Iatrogenic pulpitis, due to improper and 
sometimes proper dental treatment. 

Dental Caries 

When a carious lesion has reached the dentin, 
the dentinal tubules are portals of entry for bac- 
teria, bacterial products, tissue breakdown 
products, and irritants from the saliva and the 
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Fig. 1.25 Section from a tooth with a deep carious 
lesion. Large amounts of secondary dentin (SD) have 
formed. The pulp is severely inflamed (hematoxylin- 
eosin) 



oral cavity. Even in teeth with enamel caries 
without macroscopic loss of tissue, a few inflam- 
matory cells may be seen in the pulp underneath 
the lesion, and under dentin caries, inflamma- 
tory foci, sometimes with abscesses, may be 
seen (Fig. 1.25). 

It has been assumed that although there are 
microorganisms in the dentinal tubules of a car- 
ious lesion, the pulp will not be infected as long 
as it is vital. Rather, it is bacterial products that 
initially cause the inflammation, either through 
a direct cytotoxic effect or indirectly by their an- 
tigenic properties. The classic opinion is that not 
until the pulp injury is so severe that a localized 
area of necrosis has developed will it be possible 
for bacteria to enter the pulp cavity. Bacteria will 
then establish colonies in the necrotic tissue and 
the pulp will become infected. However, from re- 
cent studies it appears that invasiveness is an im- 
portant aspect of the virulence of many endodon- 
topathic bacteria. Thus, during the spread of in- 
flammation in the pulp, bacteria may be present 
both in the part of the pulp that has become 
necrotic and in the superficial layer of the subja- 
cent vital tissue. The front of infection, in other 




Fig. 1.26 Section from a tooth with a deep carious 
lesion. Secondary dentin formation is not evident and 
the pulp is not inflamed (hematoxylin-eosin) 



words, will be at the transition zone between the 
necrotic and vital (inflamed) pulp tissue. 

While marked inflammatory reactions can be 
observed in the pulp of teeth with only superfi- 
cial carious lesions, it is also possible to find teeth 
with much more severe carious attacks without 
pulpal inflammation (Fig. 1.26). One reason for 
this seemingly illogical occurrence is that prod- 
ucts from the carious lesion may stimulate the 
pulp to produce intratubular dentin, resulting in 
a sclerosis of the tubules. A zone of sclerosis is 
formed in the dentin between the peripheral 
area of destruction and the pulp (Fig. 1.27). The 
intratubular deposits in the zone of sclerosis con- 
sist of small hydroxyapatite crystals that may ob- 
literate the tubules completely. The deposits are 
identical with those seen in age-changed dentin 
(Fig. 1.6). Peripherally to the sclerotic zone, ad- 
ditional intratubular mineralized deposits may 
be found. These deposits vary considerably in 
quality and appearance. Usually they consist of 
large, irregularly arranged, needle-shaped hy- 
droxyapatite crystals, or large, rhomboid-shaped 
whitlockite crystals (Fig. 1.28). These irregular 
deposits are in all likelihood not formed by pul- 
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Fig. 1 .27 Microradiograph of a tooth 
with a deep carious lesion. A 

hype mineralized (sclerotic) zone has 
formed in the primary dentin bet- 
ween the carious lesion and the pulp 



pal cells, but result from a passive reprecipitation 
of minerals that were dissolved in the more pe- 
ripheral parts of the carious dentin. 

The sclerotic zone of the dentin may become 
an effective barrier which prevents the passage 
of irritants from the carious lesion to the pulp. 
The barrier may even be so effective that repair 
of pulpal inflammation that had developed prior 
to the formation of the barrier may occur. A per- 
manent repair without treatment is still un- 
thinkable, since an untreated carious process 
will proceed and gradually break through the 
sclerotic zone of the dentin so that irritants can 
reach the pulp once again. Moreover, in most in- 
stances the sclerotic zone of the dentin is less 
than perfect. It may reduce, but usually will not 
entirely stop, the irritants from the carious le- 
sion reaching the pulp. Also, it should be re- 
membered that the carious process spreads not 
only in a pulpal direction in the dentin, but in a 
lateral direction as well, especially in the area 
near the enamel-dentin junction. This results in 
irritants reaching the pulp through newly ex- 
posed dentinal tubules where intratubular scle- 
rosis has not yet formed. Therefore, from a clin- 
ical point of view it must be assumed that the pulp 
is inflamed to some extent in all teeth with active 
carious lesions. 

It is important to note that the sclerotic zone 
is formed in the primary dentin (Fig. 1.27). The 
secondary dentin which as a rule also forms in 
the pulp under a carious lesion will not, howev- 
er, constitute an effective barrier against the ex- 
ternal irritants (Fig. 1.25). On the contrary, when 
the carious process has broken through to the 
secondary dentin, the pulp will unquestionably 



be inflamed. Gradually, the carious process will 
also break through to the pulp and cause a pulp 
exposure (Fig. 1.29). At that time the inflamma- 
tion is usually irreversible with today's treat- 
ment methods. 

As is evident from the above, the pulp reac- 
tion in carious teeth may vary considerably, and 
it is virtually impossible with clinical means to 
have an opinion of its severity until the tooth 
gives a negative sensitivity response which sug- 
gests pulp necrosis. The therapeutic implica- 
tions of this unclear diagnostic situation are dis- 
cussed in Chapter 5. 




Fig. 1.28 Scanning electron micrograph of a dentinal 
tubule with whitlockite crystals as seen in carious 
dentin (x 17 500) 
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Fig. 1 .29 Section from a tooth with 
pulp exposure due to caries. The pulp 
tissue subjacent to the exposure is 
severely inflamed (hematoxylin- 
eosin) 



Dentin Exposed to Oral Cavity 

Other etiological factors leading to an infectious 
pulpitis are conditions that contribute to the ex- 
posure of the dentin and dentinal tubules to the 
oral environment. With the refinement of food- 
stuffs, severe attrition is not as common as be- 
fore. On the other hand, abrasion, particularly as 
a result of tooth-brushing, is becoming a more 
serious problem. Erosion leading to exposure of 



dentin was traditionally seen in individuals em- 
ployed in certain chemical industries. Presently 
it has become a serious problem in the young 
generation from excessive intake of sweet and 
acid soft drinks. Nevertheless, it is periodontal 
disease and the extensive treatment of this dis- 
ease that today particularly leads to exposure of 
dentin. Gingival recession is commonly seen in 
these patients and the root cementum and pe- 
ripheral layers of the root dentin are being re- 



Fig. 1 .30 Section from a tooth with an enamel-dentin 
crack filled with bacterial plaque. The crack runs at an 
angle to the dentinal tubules, and manytubules which are 
opened up by the crack contain bacteria as well (Brown- 
Brenn stain) 
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Fig. 1 .31 a Pulp horn from a 
tooth with exposed dentin. 

Large amounts of secondary 
dentin as well as pulp stones 
(PS) are present. Functioning 
blood vessels are seen deep 
inside the secondary dentin 
(arrow), b Higher 
magnification of blood 
vessels in secondary dentin 
(hematoxylin-eosin) 



b 



moved during scaling and root planing. It has 
also been shown that the so-called enamel 
cracks that are present in most teeth do not nec- 
essarily end at the enamel-dentin junction, but 
rather extend deep into the dentin (Fig. 1.30). 
These cracks are filled with plaque and micro- 
organisms, and sometimes defects reminiscent 
of carious lesions are seen at the bottom of such 
cracks. Since the cracks usually run at an angle 
to the dentinal tubules, a large number of tub- 
ules may become exposed to the oral environ- 
ment by a single crack. 

Irritants from the plaque and saliva may reach 
the pulp through the exposed dentinal tubules. 
This is shown by the fact that mineralized de- 
posits are laid down in the exposed tubules. The 
intratubular deposits are characterized by the 
large, needle-like hydroxyapatite crystals and 
the rhomboidal whitlockite crystals seen pe- 
ripherially in the tubules of carious lesions (Fig. 
1.28). However, only occasionally are exposed 
tubules fully occluded as seen in age-changed 
root dentin and in the sclerotic dentin of carious 
teeth (Fig. 1.6). 

Secondary dentin forms as a result of external 
irritation in all teeth with exposed dentin. The 
secondary dentin is usually more regular than in 
carious teeth, but is still characterized by mor- 
phological irregularities with a varying number 
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Fig. 1 .32 Pulp horn from a tooth with exposed dentin. 

Large fiber bundles, few and dilated vessels as well as 
a calcified area are seen in the pulp tissue (hematoxylin- 
eosin) 
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Fig. 1.33 Mandibular 
molar with severe 
periodontal disease, a 

Section showing bacterial 
plaque to the apex of the 
mesial root (Brown-Brenn 
stain), b Neighboring 
section showing 
retrograde pulpitis 
reaching the coronal pulp 
(hematoxylin-eosin) 



of tubules and with inclusions of functioning 
blood vessels and strings of soft tissue (Fig. 1 .31 ). 
Pulp stones may be observed in the coronal pulp 
of these teeth as well, which have possibly de- 
veloped as a result of external irritation. 

In spite of the mineral deposits in the tubules 
of the primary dentin and formation of often 
large amounts of secondary dentin, the exposed 
dentin remains as a rule partially open to the 
mouth and does not fully protect the pulp from 
exogenous irritants. In the pulp of these teeth 
the odontoblastic layer is reduced or missing 
(Fig. 1.31). Circulatory disturbances are evi- 
denced by hemorrhages and disintegrating 
erythrocytes, and the blood vessels are few 
and prominent. The most conspicuous finding in 
teeth with long-standing exposed dentin is a 
fibrosis of the pulp (Fig. 1.32). Large bundles of 
collagenous fibers are seen in the affected area 
of the pulp, often in continuity with the second- 
ary dentin. Frequently, fiber bundles may be 
mineralized. 

Connective tissue cells, and sometimes lym- 
phocytes, macrophages, and plasma cells are 
seen between the fiber bundles. However, a pos- 
sible inflammatory reaction is mild and will not 
lead to pulp necrosis. The exception lies in teeth 
with severe periodontal disease and pocket for- 
mation to the foraminal areas of the roots. In 



such teeth a retrograde pulpitis may develop 
(Fig. 1.33). In a single-rooted tooth this condi- 
tion will lead to disturbances in the blood supply 
to the pulp relatively quickly, resulting in total 
pulp necrosis. In teeth with multiple roots, a ret- 
rograde pulpitis in one root will spread slowly 
in a coronal direction, and it may take a long 
time before the entire pulp becomes necrotic. 

Traumatic Injuries 

Traumatic injuries to the teeth and jaws will of- 
ten result in pulpitis and pulp necrosis. A com- 
plicated crown fracture with pulp exposure will 
result in an infectious inflammation of the pulp. 
The actual crown fracture invariably leads to a 
hemorrhage in the pulp subjacent to the expo- 
sure. The blood clot is an excellent substrate for 
bacterial growth, and the microorganisms of the 
plaque accumulating on the fractured surface 
will readily invade the pulp. A local inflamma- 
tion is seen in the tissue near the exposure after 
2-3 days, and total pulp necrosis in such teeth 
has been observed as early as 7 days after the in- 
jury (Fig. 1.34). However, in some instances it 
may take weeks before total necrosis is seen. 

In root-fractured teeth, the tissue injuries at 
the fracture line will cause an inflammatory re- 
action. The pulpal injury is characterized by rup- 
tured vessels and bleeding into the tissue fol- 



Reaction Patterns 21 



lowed by circulatory stasis in the injured area. 
If the fracture line is in communication with the 
oral cavity, bacteria will invade the injured tis- 
sues (blood clot), and an infectious pulpitis will 
develop and cause pulp necrosis as described 
above for teeth with complicated crown frac- 
tures. If, on the other hand, a true intra-alveolar 
fracture is diagnosed, no foreign irritants will be 
present at the site of injury. Only a mild inflam- 
matory reaction will then follow, clearing up 
and removing extravasated erythrocytes and tis- 
sue breakdown products. Complete pulpal re- 
pair will occur in about 80% of such teeth. The 
remaining 20% are usually teeth with displace- 
ment of the coronal fragment during the injury, 
resulting in severence of the pulpal blood ves- 
sels at the fracture site. The pulp tissue of the 
coronal fragment will then undergo ischemic 
necrosis (see p. 26). Experience has shown that 
over time, usually in a few weeks, the ischemic 
pulp tissue will become infected by way of ex- 
posed dentinal tubules and enamel-dentin 
cracks. Endodontic treatment will then become 
necessary. However, in the pulp tissue of the 
apical fragment of the root-fractured teeth, re- 
pair usually takes place and the endodontic 
treatment may be confined to the coronal frag- 
ment of the tooth (see p. 123). 

About 25% of subluxated teeth end up with 
necrosis of the pulp. The sequence of events 
leading to this end result is not fully understood. 
By definition, subluxated teeth are loosened, but 
not displaced. This means that the pulpal blood 
vessels are not severed at the apex of the tooth. 
Rather the injury is characterized by ruptures of 
intrapulpal blood vessels, bleeding into the tis- 
sue, and subsequent infection of blood clots 
through exposed dentin and cracks as described 
above. 

Luxated teeth by definition are displaced by 
the injury. Consequently, the pulpal blood ves- 
sels of these teeth are severed at the apical 
foramen and the pulp undergoes ischemic 
necrosis. Repair is possible in incompletely 
formed teeth with open apices through recanal- 
iculization and revascularization of the pulp (see 
p. 29). However, in most instances, the ischemic 
pulp tissue becomes infected, necessitating en- 
dodontic treatment of the teeth. 



Iatrogenic Factors 

Operative and restorative procedures may lead 
to pulpal inflammation. The inflammation is 
mainly caused by dessication or dehydration of 
the dentin, by toxic influences from materials 
and cements, and by leakage along the margins 
of a restoration. 

Dehydration of the dentin may result from the 
heat caused by cavity or crown preparation 
without water, from the use of thermoplastic 
impression materials that are too warm, and 
from a prolonged and continuous blast of air to 
exposed dentin. As a result of dehydration, tis- 
sue fluids from the pulp will flow into the den- 
tinal tubules toward the dentin surface. This flu- 
id flow causes mechanical disturbances in the 
pulp. The odontoblasts and sometimes other 
cells may be sucked into the dentinal tubules, 
and there is an immediate increase in the blood- 
flow to the area of the pulp subjacent to the de- 
hydrated dentin (Fig. 1.35). There is also an in- 
crease in the number of functioning capillaries 
in the injured area. The injuries result in a mild 




Fig. 1 .34 Pulp horn in a monkey tooth with traumatic 
pulp exposure (complicated crown fracture). On day 7 
after the injury there is evidence of severe hemorrhage 
in the tissue and the pulp is necrotic (hematoxylin- 
eosin) 
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Fig. 1 .35 Area of the pulp of a monkey tooth subjacent 
to a cavity prepared without water. Filled capillaries and 
a few neutrophilic leukocytes are seen in the 
odontoblast layer after 1 day (hematoxylin-eosin) 




Fig. 1 .36 Area of the pulp of a monkey tooth subjacent 
to a cavity restored with gold foil. A severe 
inflammatory reaction is seen in the pulp subjacent to 
the cavity after 30 days (hematoxylin-eosin) 



chemotactic activity and after a few hours, scat- 
tered neutrophilic leukocytes are seen in the tis- 
sue. The inflammatory reaction to dentin de- 
hydration is generally mild, and it has not been 
possible to show experimentally that this type 
of pulpal injury leads to pulp necrosis. However, 
the inflammation often results in dental hyper- 
sensitivity and considerable postoperative dis- 
comfort for the patient. There is also some clin- 
ical evidence that preparation without water 
and careless use of thermoplastic impression 
materials may cause a long-standing chronic in- 
flammation in the pulp with internal root re- 
sorption and eventually total pulp necrosis. It is 
important to understand that it is not the heat 
itself that causes the pulp reaction, but the de- 
hydration of the dentin. True, it has been shown 
that a temperature increase of 10°C in the pulp 
may cause inflammation. The dentin, however, 
is an excellent insulator and, for instance, dry 
cavity preparation gives a temperature increase 
of only 2-3 °C in the pulp tissue. Thus, cooling 
of the bur with cold or tempered air will not pre- 
vent preparation damage, but rather make it 



worse. Use of water on the other hand, will pre- 
vent dehydration of the dentin and thereby pre- 
vent a pulp reaction in an effective and reliable 
manner. 

The placing of a restoration may be harmful to 
the pulp as well. A good example of this is the 
insertion of cohesive gold fillings (Fig. 1.36). The 
"hammering" which is necessary for this tech- 
nique, the heating of the gold foil, and the pro- 
longed period of dehydration of the dentin in the 
cavity usually cause a severe pulp reaction char- 
acterized by intrapulpal bleeding and inflamma- 
tion. This pulp reaction may be irreversible. 

Cements and filling materials used in dentistry 
may contain components that are irritating to 
the pulp (Fig. 1.37). Especially the tooth-colored 
materials are of interest in this regard; examples 
of toxic components are fluorides in silicate and 
glass ionomer cements and chemically active in- 
gredients to influence the setting reaction or im- 
prove the color stability of composite resins. 
Thus, different brands of the same material may 
have different biological properties depending 
on the additives the various manufacturers have 
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included in their products. An example of this 
is seen when the antibacterial effect of com- 
mercially available filling materials based on 
Bowen's resin is studied, in that it varies 
from no effect to a strong effect. Clinically, the 
rule should be that a tooth-colored material 
should be used with a base to protect the pulp 
(see p. 86). 

Marginal leakage will occur to a greater or 
lesser extent with most restorations, and plaque 
and microorganisms may be found in the gap 
between the restoration and the cavity wall (Fig. 
1.38). Marginal leakage may cause an inflamma- 
tory reaction in the pulp. Apparently, the etio- 
logical factors are infectious-toxic in nature, but 
the mechanism is presently not well under- 
stood. For example, an amalgam restoration will 
not seal a cavity any better after 1 week in the 
mouth than a methyl methacrylate resin filling. 
Still, under the amalgam restoration no or only 
a negligible reaction will be observed in the 
pulp, whereas under the resin restoration usu- 
ally a severe inflammatory reaction, often with 
abscess formation, is seen (Fig. 1.37e). It might 
appear that reactions occur between bacterial 
and plaque components and components leak- 
ing out of the resin restoration, resulting in sub- 
stances with strong immunogenic properties. 
This may explain why marginal leakage is more 



detrimental in conjunction with some filling 
materials than with others. Finally, it should be 
remembered that the gap between a restoration 
and the cavity wall represents a definite risk for 
the development of secondary caries. 

Therapeutic irradiation of the head and neck 
region may damage the pulp. The odontoblasts 
are especially sensitive cells, and as a result of 
irradiation, may elaborate abnormal dentin, 
sometimes filling large parts of the pulpal cavity. 
Circulatory disturbances and inflammation may 
result as well. However, the effect of irradiation 
on the salivary glands, resulting in a decrease in 
salivary flow, is of much more profound clinical 
importance. The teeth become more prone to 
decay, and especially in the cervical area, caries 
is rampant, often leading to fracture of the teeth, 
exposure of the pulp, and gradually to irrever- 
sible pulpal inflammation. It is important to note 
that teeth with pulp involvement in irradiated 
patients should be treated endodontically rather 
than by extraction, since extraction may result 
in radionecrosis of the surrounding bone. 

During orthodontic treatment the teeth can be 
exposed to forces that are strong enough to 
cause pulp damage. A recent study shows that 
orthodontic patients 5 years after completion of 
the treatment have significantly more nonvital 
incisors than individuals who have not under- 

Fig . 1 .38 a Cavity in a dog tooth filled with 
glass ionomer cement for 60 days. A bac- 
terial plaque is present between the filling 
material and the cavity walls (Brown-Brenn 
stain), b Higher magnification of bacterial 
plaque on the cavity floor and bacteria in 
dentinal tubules (Brown-Brenn stain) 
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gone orthodontic treatment. It is not immedi- 
ately clear how the pulp is injured. Two possi- 
bilities appear to exist. Intrapulpal vessels may 
rupture as a result of the treatment, resulting in 
internal bleeding. The blood clot may become 
infected as discussed above, and an infectious 
pulpitis will lead to pulp necrosis. In some in- 
stances the pulpal blood vessels conceivably 
may be pinched off at the apex of the tooth, re- 
sulting in ischemic pulp necrosis. 

Internal and especially external root resorp- 
tion are also known complications following or- 
thodontic treatment. In addition to these irre- 
versible changes, orthodontic treatment may 
lead to dental hyposensitivity or hypersensitiv- 
ity, i.e., an increase or decrease in the pain 
threshold of the teeth. The pulp reaction in these 
teeth is not known, but in most instances these 
conditions appear to be reversible. 

Oral and maxillofacial surgery may cause pulp 
injury and pulp necrosis by severing blood ves- 
sels and interrupting the blood supply to the 
pulp. In instances where this is suspected, it 
should be remembered that absence of sensitiv- 
ity does not always mean that the tooth is non- 
vital. It could be the nerve supply, which lacks 
reserve lines, that is damaged. The blood vessels 
of the face and jaws, on the other hand, have 
anastomoses and the necessary blood supply 
could be secured in spite of the surgical opera- 
tion. 

Cumulative Effect of Irritants 

With the high prevalence of dental disease and 
the extensive dental treatment in the last two 
generations, the teeth of most adult and older 
individuals have been exposed to a wide variety 
of irritants. Many teeth have suffered from mul- 
tiple carious attacks over the years. Most teeth 
will have exposed dentin because of attrition, 
abrasion, erosion, enamel-dentin cracks, gingi- 
val recession, and the treatment of periodontal 
disease, and most teeth have multiple restora- 
tions that in many instances have had to be re- 
newed several times. The various external irri- 
tants that have affected the teeth over time con- 
ceivably have a cumulative effect, and if the pulp 
has not become necrotic, it generally will have 
this appearance: the odontoblast layer is partial- 
ly or fully destroyed; secondary dentin and in- 
trapulpal hard tissue fill most of the original 
pulp chamber; functioning vessels and inclu- 



sions of soft tissue are present in the secondary 
dentin; the soft tissue is rich in fibers and poor 
in cells; the vessels are few and prominent. The 
severity of these changes will vary with the de- 
gree of external irritation a tooth has suffered 
and with the type and effectiveness of the treat- 
ment rendered. 

Systemic Influences 

There is considerable experimental evidence 
that nutritional deficiencies may adversely affect 
the endodontium. Thus, deficiencies of vitamins 
A, C, and D may interfere with the formation of 
intercellular substances, dentin matrix forma- 
tion, and mineralization. Excessive amounts of 
vitamin D can cause defective dentin formation 
and calcification of the pulp. Connective tissues 
are also affected by hormones, and in one study 
it was shown that high dosages of parathyroid 
extract produced hypomineralization of newly 
formed dentin matrix. However, it should be 
noted that these findings derive from experi- 
ments in small animals, often performed under 




Fig. 1 .39 Radiograph of a vital mandibular molar with 
periapical radiolucency in a 15-year-old. Similar 
radiolucencies developed on other vital teeth without 
obvious reasons. The patient was soon diagnosed as 
having leukemia 
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extreme conditions, and it appears unlikely that 
the artificial imbalances created experimentally 
occur in humans. Clinically, therefore, these 
findings are probably of minor importance. 

Metastases or direct extension of malignant tu- 
mors into the pulp have been reported. A case 
of leukemia is known in which the patient's first 
signs and symptoms were a loss of sensitivity, 
but not of the vitality, of the pulp of several teeth 
and development of periapical radiolucencies on 
the teeth (Fig. 1.39). However, it may be con- 
cluded that systemic diseases appear to play a 
very small part in pulpal pathoses. 

Pulp Necrosis 

Necrosis means local death of cells. The cellular 
changes characteristic of necrosis are changes 
which the cell undergoes after it has died while 
still remaining in the body. The causes of cell 
death are the same that cause inflammation. The 
reaction in the tissue depends to a great extent 
on the concentration of the irritant. If the irritant 
is weak, inflammation is produced; if strong, the 
result may be necrosis. 

Necrosis of the pulp is caused by bacteria and 
bacterial products or by the loss of blood sup- 
ply. The infectious agents cause liquefaction 
necrosis, whereas the loss of blood supply leads 
to ischemia of the tissue and coagulation necro- 
sis. 

Liquefaction Necrosis 

Autolysis plays an important part in producing 
liquefaction necrosis. The process is caused by a 
complex system of intracellular enzymes which, 
when the cell dies, stop to take part in the me- 
tabolism of nutrients brought to the cell and 
turn their energies on the framework of the cell 
itself. The products of autolysis are readily dif- 
fusable so that they pass into the surrounding 
fluids and eventually the cell disappears. Clini- 
cally, this is readily recognized. When a tooth 
with a necrotic pulp due to caries is opened, the 
root canal is near empty, and only scant tissue 
remnants are found. 

Ischemic Necrosis 

When the blood supply to the pulp is cut off, for 
instance, in conjunction with a luxation injury, 
the cells undergo necrosis. The reason for the 
cell death in this instance is a lack of oxygen and 



nutrients and not the presence of exogenous ir- 
ritants in the tissue. Cell metabolism will, there- 
fore, not cease immediately after the blood sup- 
ply is discontinued, but continue in the pulp at 
a steadily decreasing rate for at least 4-5 days. 
The plasma of the ischemic tissue contains sub- 
stances which prevent autolysis of the cells. The 
intracellular enzymes, rather, cause a coagula- 
tion of the cytoplasm, and the nuclear material 
is often condensed into a small, deeply staining 
mass (pyknosis). To some extent this process is 
similar to coagulation of blood. Considerable 
cellular detail is lost in the ischemic tissue, but 
the general architectural outlines of the pulp 
may be recognized for long periods of time. Clin- 
ically, a pulp that has undergone ischemic 
necrosis can readily be recognized when it is ex- 
tirpated, sometimes weeks and months after a 
displacement injury of the tooth. The pulp tissue 
will look whitish in color, but otherwise will not 
be visibly broken down. 

The ischemic pulp tissue may be referred to 
as an infarct since the reaction in the pulp is sim- 
ilar to that occurring in other tissues which lose 
their primary and collateral circulation. Howev- 
er, the ischemic tissue will become infected 
sooner or later through ingrowth of bacteria 
through cracks and exposed dentinal tubules. 
The coagulated tissue will then break down, 
mainly because of the action of bacterial prote- 
olytic enzymes, and liquefaction will occur. 

Repair in the Pulp 

As discussed above, the pulp is an end organ 
lacking in collateral circulation, and under the 
influence of strong and persisting exogenous ir- 
ritants, it will often become necrotic. Still the 
repair potentials of the pulp are considerable 
and clinically well recognized. Thus, when re- 
parative dentistry is in fact possible, it is because 
pulpal inflammation heals when external irri- 
tants, for instance, from a carious lesion are re- 
moved, and the resultant cavity is treated with a 
well-sealing restoration. The tissue reactions 
during pulpal repair are known from experi- 
mental studies. 

Local Repair 

The tissue reactions characterizing pulpal repair 
are generally similar to those in other connec- 
tive tissues, and to a considerable extent depend 
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Fig. 1.40 Repair in the pulp of a monkey tooth 60 days 
after a mild local inflammation was induced. The 

formation of secondary dentin in the affected area of 
the pulp is evidence that a reaction has occurred. 
Otherwise the repair is complete with a normal pulp 
(van Gieson stain) 



on the severity of the injury. One characteristic 
difference is that the odontoblasts of the pulp 
may form secondary dentin in response to ex- 
ternal irritants (Fig. 1.40). The secondary dentin 
formation is looked upon by many as an aspect 
of pulpal repair, and a commonly used name for 
this tissue is reparative dentin. However, it 
should be understood that the secondary dentin 
forms during the period of external irritation and 
tissue destruction and not during the period of re- 
pair. It is, therefore, not self-evident that the sec- 
ondary dentin formation should be regarded as 
a repair mechanism in the pulp, especially since 
the stronger the irritants, the more irregular and 
less protective the tissue becomes. On the whole 
it is well established that secondary dentin as 
such offers only limited protection of the pulp. 
If a carious lesion has reached the secondary 
dentin, the subjacent pulp will always be in- 
flamed. However, if a large number of odontob- 
lasts are destroyed by the external irritants, the 
interface between primary and secondary den- 
tin may inadvertantly give some protection be- 
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Fig. 1.41 Repair in the pulp of monkey teeth after 
severe local inflammation was induced, a After 8 days, 
the odontoblasts are destroyed. A cellular hard tissue 
forms on the dentin wall and a chronic inflammation 
can be seen in the pulp, b After 90 days, the repair is 
complete. The cellular hard tissue can be seen on the 
dentin wall. No odontoblasts are present and a fibrous 
tissue can be seen in the affected area of the pulp (van 
Gieson stain) 



cause of a discontinuity of some tubules of the 
primary dentin. Thus, rather than look upon the 
secondary dentin as a sign of pulpal repair it 
should be regarded as evidence of previous pul- 
pal irritation (Fig. 1.40). Presence or absence of 
secondary dentin will have little bearing on the 
repair process. 

When external irritants have been removed, 
pulpal repair may occur. If the inflammatory re- 
action is mild, there will be complete regenera- 
tion of the pulp tissue. The only evidence that a 
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Fig. 1.42 Microan- 
giographs showing 
revascularization of 
extracted and 
replanted dog teeth, 
a Four days after 
replantation, blood 
vessels start to grow 
into the ischemic pulp 
tissue, b On day 10, 
the apical half of the 
pulp is revascularized. 
c After 30 days, blood 
vessels have reached 
thepulphornsandthe 
entire pulp is 
revascularized 




Fig. 1.43 Hard-tissue formation in the pulp of a Fig. 1.44 Replanted and revascularized tooth with 
revascularized dog tooth 180 days after replantation. typical soft tissue-containing hard tissue filling the 

The hard tissue forms as a metaplasia of the soft tissue original pulp cavity. The root end, which has formed 
throughout the pulpal cavity (hematoxylin-eosin) apically to this hard tissue, consists of dentin laid down 

by new odontoblasts induced by a more or less intact 
Hertwig's root sheath (hematoxylin-eosin) 
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local reaction has taken place may be the pres- 
ence of secondary dentin formed in response to 
the external irritation and possibly a reduced 
odontoblastic layer (Fig. 1.40). However, if the 
inflammation is severe, there may be extensive 
and irreversible tissue changes in the pulp when 
the repair process is completed (Fig. 1.41). The 
inflamed tissue may be replaced by a fibrous tis- 
sue with only a few cells. The odontoblast layer 
may be completely destroyed in the area of re- 
action, and cell-containing hard tissue may line 
the dentin wall where arrested resorption lacu- 
nae may be present. As would be expected, the 
root pulp is usually unaffected by even severe 
tissue reactions in the coronal pulp (Fig. 1.16). 

As mentioned above, abscesses are often 
present in the pulp of carious teeth. Clearly, sur- 
gical drainage of the pus cannot be accom- 
plished in the unexposed pulp, and an abscess 
is often said to be a sign of irreversible pulpal 
inflammation. This may not necessarily be so. All 
repair is fundamentally the same, whether in an 
open wound or in an enclosed abscess. If the ex- 
ogenous irritants are removed, attempts at re- 
pair will begin. If the abscess cavity is small 
(which it often is in the pulp), it may become 
filled with a granulation tissue and then by a fi- 
brous tissue or it may become calcified. 

The local repair of the exposed pulp will be 
discussed in Chapter 5 (under Pulp Capping, 
p. 88). 

Revascularization 

Pulpal repair may also occur in teeth with 
ischemic necrosis, notably in immature teeth 
with large apical foramina. On rare occasions a 
recanaliculization of the pulpal blood vessels 
may occur after the repositioning of a displaced, 
immature tooth in its socket. This means that 
the blood vessels in the pulp reunite with blood 
vessels in the periodontal ligament so that the 
blood may start flowing again in the original 
vasculary network of the pulp. If this occurs, the 
original pulp cells will survive, since they can 
tolerate a limited period of ischemia. 

A more predictable reaction in immature 
teeth with ischemic necrosis is a revasculariza- 
tion of the pulp. When this occurs, new vessels 
start growing into the necrotic pulp tissue after 
about 4 days (Fig. 1.42). After 10 days the apical 
half of the pulp is revascularized, and after 
30 days the new vessels have reached the coro- 




a b 



Fig. 1 .45 a Revascularized tooth with pulp space filled 
with hard tissue, b Radiograph of tooth in a, indicating 
complete obliteration of the pulp space. However, 
microscopic remnants of soft tissue are always present 
in the hard tissue 



nal pulp and the pulp horns. With enzyme his- 
tochemical techniques it is shown that the oxi- 
doreductase activity of the pulp cells diminishes 
gradually during the first week after the blood 
supply is cut off. After 10 days enzyme activity 
can again be demonstrated, especially along the 
new vessels that have grown into the necrotic 
tissue, and after 30 days there is strong oxidore- 
ductase activity in the entire pulp. Histological- 
ly, the cellular phase of the repair process can 
be followed. New fibroblasts are seen in the pulp 
closely following the proliferation of the blood 
vessels, and macrophages, sometimes in large 
numbers, are seen as well. 

Thus, after 30 days the root canal and pulp 
chamber again contain vital, cell-rich connective 
tissue. Naturally, this tissue is not pulp tissue, 
but periodontal tissue grown into the pulp space 
from the periodontal ligament. As such it con- 
tains the normal bone-forming and cementum- 
forming cells of the periodontium (see Chapter 
2), and gradually over a period of a few months 
to a year, bone- and cementum-like tissue will 
form in the new pulp (Fig. 1.43). The hard tissue 
appears to form as a metaplasia of the soft tissue 
throughout the pulpal cavity. Obviously there 
are no odontoblasts in the new tissue, so dentin 
formation will not occur. However, if the 
Hertwig root sheath has remained vital at the 
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apex of a repositioned or replanted immature 
tooth, induction of new odontoblasts and dentin 
formation may occur in this area, sometimes 
leading to the formation of a more or less com- 
plete root tip (Fig. 1.44). 

The hard-tissue formation in revascularized 
teeth will ultimately lead to a clinically and ra- 
diographically complete obliteration of the pulp 



chamber and root canal space (Fig. 1.45). How- 
ever, microscopic inclusions of soft tissue will 
always be present in the hard tissue throughout 
the original pulp space (Fig. 1.44). This is of clin- 
ical importance, since preparation of such teeth 
for crowns will often lead to multiple micro- 
scopic pulp exposures followed by pulp necrosis 
and periapical inflammation. 
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2 The Apical Periodontium 



Structure 

The periodontium comprises the root cementum, 
the periodontal ligament, and the alveolar bone. 
The periodontium attaches the teeth to the bone 
of the jaws by a fibrous joint, providing a resil- 
ient suspensory apparatus resistant to normal 
functional forces. It should be regarded as an an- 
atomical and functional unit (Fig. 1.9). The apical 
periodontium is that part of the periodontium 
which surrounds the root apex. 

Composition and Morphology 

The cementum and bone are composed of about 
65% inorganic material, mostly in the form of hy- 
droxyapatite. The organic matrix consists of 
20% collagen and 3% noncollagenous proteins 
whereas the remaining 12% is water. 

Cementum covers the root surfaces of the 
teeth. It is avascular, without innervation and 
does not normally undergo remodeling. Toward 
the periodontal ligament the cementum is cov- 
ered by a zone of precementum about 5 jam wide. 
Bordering the surface, the cementum-forming 
cells, the cementoblasts, are seen. In the apical 
periodontium the cementum is cellular with ce- 
mentocytes in lacunae and canaliculi. 

Alveolar bone lines the sockets of the teeth. It 
is compact and may appear radiographically as 
a radiopaque narrow zone, the lamina dura. The 
alveolar bone is perforated by a large number of 
blood vessels, and osteocytes are embedded in 
lacunae and canaliculi. Toward the periodontal 
ligament the bone is covered by unmineralized 
osteoid and the bone-forming cells, the osteob- 
lasts. 

The periodontal ligament consists of dense, 
unmineralized connective tissue situated be- 
tween the cementum and the alveolar bone. It 
is characterized primarily by a large number of 
collagen fiber bundles that traverse obliquely 
from the cementum to the alveolar bone. Api- 
cally, these fiber bundles radiate outward from 
the root surface to insert into the surrounding 
alveolar bone. 



Cells, Fibers, and Ground Substance 

The apical periodontium contains several cell 
types. The cementoblasts which form the cemen- 
tum of the root are highly specialized cells char- 
acteristic of the periodontium. Ultrastructurally 
the cementoblast is similar to the osteoblast and 
fibroblast of the periodontium and as in the pulp 
the identity of the various cells is mainly deter- 
mined by their location. 

The major cell type of the periodontium is the 
fibroblast. The fibroblasts form the fibers and the 
ground substance of the periodontal ligament. In 
addition, the collagen fibers undergo almost 
continuous and rapid remodeling, i.e., forma- 
tion and degradation. Both of these activities are 
accomplished by the fibroblasts, sometimes si- 
multaneously. As in the pulp, undifferentiated, 
probably pluripotential cells are found in the 
periodontium. These cells are thought to be ca- 
pable of differentiating into any periodontal cell 
and are therefore important in repair processes 
after injury and disease. Mast cells, which may 
constitute up to 6% of the total cell population 
of the healthy periodontium, develop from the 
undifferentiated mesenchymal cells as well. 

Macrophages are frequently seen in the 
healthy periodontium. They have a potential for 
synthesis of a wide range of proteins which in- 
fluence other cells. The macrophages are present 
in many stages of development and show 
phagocytic activity when stimulated. 

The osteoblasts form the alveolar bone. In ad- 
dition, together with osteoclasts, which are con- 
sidered normal cells of the periodontium, they 
are responsible for the continuous remodeling 
of the alveolar bone. 

Also found within the periodontal ligament 
are clusters of epithelial cells. These derive from 
the Hertwig's root sheath which was active du- 
ring tooth formation. Cell-to-cell junctions are 
seen between the epithelial cells, and each clus- 
ter of cells is surrounded by a basal lamina sep- 
arating it from the adjacent connective tissue. In 
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addition, the different epithelial cell clusters are 
connected by delicate processes, allowing them 
to function as a syncytium. Their primary func- 
tion is not known, although it has been suggest- 
ed that they are reponsible for maintaining the 
periodontal ligament space by preventing the 
osteoblasts from migrating to and forming bone 
on the surface of the root. It is clear that the ep- 
ithelial cells are viable and metabolically active. 
Under certain pathological conditions they may 
begin to proliferate and are seen as larger islands 
or strings of epithelium in inflamed tissue or as 
the epithelial lining of radicular cysts (see p. 43). 

As mentioned above, the fibers of the perio- 
dontal ligament are almost exclusively collagen- 
ous in nature. However, as in the pulp, a few 
elastic fibers are associated with the blood ves- 
sels. The cells and fibers of the periodontium are 
embedded in an amorphous ground substance 
which basically has the same consistency and 
function as the ground substance of the pulp and 
connective tissue elsewhere in the body. 

Vascular Supply and Innervation 

The vascular supply of the periodontal ligament 
is richly developed (Fig. 1.11). The principal sup- 
ply of blood is provided by the alveolar arteries. 
Some branches reach the apical periodontium 
and course coronally, just prior to entering the 
pulp, whereas gingival arterioles enter the per- 
iodontal ligament and course apically. In addi- 
tion, numerous vessels enter the ligament 
through the holes of the alveolar bone. Thus, in 
contrast to the pulp, the apical periodontium has 



a rich and well-developed collateral blood sup- 
ply. A rich capillary network is present as well. 
It is somewhat more developed near the bone 
than near the root surface. The lymphatic vessels 
presumably follow the path of the blood vessels 
and pass to regional lymph nodes. 

The nerves of the periodontal ligament follow 
the path of the blood vessels as well. Both my- 
elinated and unmyelinated nerve fibers are 
present, and the sensory innervation is of the 
trigeminal system. The nerve endings are in- 
volved with proprioception and pain perception 
and they react readily to even slight increases in 
tissue pressure. 

Age Changes 

The most obvious age change in the apical per- 
iodontium is an increase in the thickness of the 
root cementum. This tissue is deposited contin- 
uously throughout life, and its width will triple 
between 10 and 70 years of age. In other re- 
spects, the remodeling of the periodontal liga- 
ment and alveolar bone is highly effective 
throughout life, and these components of the 
periodontium will be modified more according 
to external influence than to age. Still, a decrease 
in the rate of collagen synthesis will occur as 
well as certain changes in the ground substance. 
It also appears that tissue repair after inflamma- 
tion of the apical periodontium in elderly pa- 
tients may occur by the formation of an unmin- 
eralized fibrous tissue rather than the formation 
of new bone (see p. 54). 



Reaction Patterns 




Apical Periodontitis 

The pulp and the soft tissue of the apical perio- 
dontium constitute a continuum via the apical 
foramina. Untreated pulpal inflammation will, 
therefore, gradually spread beyond the apex of 
the tooth. This condition is termed periradicu- 
lar, periapical, or most commonly apical perio- 
dontitis. If the inflammation occurs on the side 
of the root adjacent to a lateral root canal, the 
term lateral periodontitis may be used. At first 
only the periodontal ligament will be involved 



in the periapical reaction. However, soon there 
will be resorption of cementum (and dentin) 
and alveolar bone so that all tissues of the pe- 
riodontium will be affected. Thus, apical perio- 
dontitis is a pulpally related inflammation of the 
attachment apparatus of the tooth. The inflam- 
matory process may lead to considerable bone 
loss, sometimes encompassing large areas of 
the alveolar process. Quite commonly a fistu- 
lous tract develops from the inflamed area to a 
body surface, in most instances to the oral ves- 
tibule. 
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Etiology of Apical Periodontitis 

Pulpitis 

A local pulpitis in the coronal pulp may occa- 
sionally cause inflammatory changes in the api- 
cal periodontium. This is recognized clinically by 
the fact that the tooth becomes tender to biting 
or percussion. As discussed above, pulpal in- 
flammation leads to vasodilation and an in- 
crease in capillary permeability with filtration of 
fluids from the blood vessels into the tissue. In 
most instances lymphatics and blood vessels of 
the uninflamed areas of the pulp can deal with 
the increased tissue fluids and transport the flu- 
ids away. However, when periapical symptoms 
arise, this mechanism is apparently flawed or in- 
sufficient, and an increase in tissue pressure in 
the apical periodontium occurs, leading to ten- 
derness of the tooth. Sometimes the tooth is 
pushed out of its alveolus so that a widened per- 
iodontal ligament space appears radiographical- 
ly. When the increased tissue pressure in the 
pulp is relieved, either spontaneously or as a re- 
sult of treatment, the periapical symptoms will 
disappear as well. 

Pulp Necrosis 

In teeth with necrotic pulps, the content of the 
root canal will be dead cells, stagnated tissue 
fluids, and tissue breakdown products. Many of 
these tissue components will have a cytotoxic 
effect and traditionally such breakdown prod- 
ucts have been regarded as the main etiological 
factors for apical periodontitis. However, it is 
now established that as long as no nonself pro- 
teins or other foreign substances are present in 
the root canal, the periapical response is quite 
mild, and will not lead to bone resorption and 
the formation of an apical granuloma (Fig. 2.1). 
The reason for this is that necrotic tissue as such 
causes only a mild chemotactic activity in serum 
and has only a slight immunogenic potential. 
Clinically, the benign nature of the reaction is 
recognized by the fact that apical periodontitis 
is not evident radiographically as long as the 
necrotic tissue of the root canal is not infected 
with microorganisms. 

Infection of the Root Canal 

It has been known for a century that bacteria 
may colonize the root canal. The importance of 
bacteria as an etiological factor for pulpal and 



periapical inflammation as expressed in the lit- 
erature has varied over the years. However, 
striking evidence for the role of infection came 
in experiments in the 1960s when it was shown 
that pulp necrosis and apical periodontitis 
would not develop in germ-free animals when 
the pulp was exposed to the oral cavity. In hu- 
mans it has been shown that an apical periodon- 
titis with bone resorption will develop only if 
the necrotic pulp becomes infected. Finally, it is 
known that bacteria which are isolated from 
root canals of teeth with apical periodontitis will 
cause an apical periodontitis when inoculated in 
the root canal of other teeth. When these bac- 
teria are reisolated, it has been shown that they 
in fact are the inoculated organisms and there- 
fore have the capacity to establish themselves 
and survive in the root canal and exert patho- 
logical influence on periapical tissues. 

If a root canal is exposed to the mouth, bac- 
teria will accumulate in the pulp chamber and 
the canal. The normal plaque/saliva microflora 
dominated by facultative anaerobic organisms 
will be present in the root canal. Many strains 
of obligate anaerobic bacteria will be present as 
well, but usually in small numbers. If the root 
canal has a wide opening to the mouth, periapi- 
cal inflammation with bone destruction will not 
develop in a predictable manner. However, if the 
access opening to the root canal is sealed off af- 




Fig. 2.1 Root tip of a monkey tooth. Pulpal in- 
flammation has reached the apical foramen and 
involves a small area of the periodontal ligament 
(hematoxylin-eosin) 



34 2 The Apical Periodontium 




Fig. 2.2 Exposed dentin in the cervical area of a tooth. 

Multiple cracks with bacteria can be seen (Brown- 
Brenn stain) 



ter the oral flora has been allowed to colonize 
the root canal system, a selective bacterial 
growth begins. Already after 7 days, 50% of the 
flora is anaerobic bacteria, and soon some 90% 
of the bacteria may be anaerobic. In the apical 



area of the root canal where the oxygen tension 
is lowest, the predominance of anaerobic bacte- 
ria is even greater than in the main canal. From 
the root canal the bacteria may enter the tubules 
of the root dentin (Fig. 2.2). One must therefore 
understand that the term root canal infection, 
which is commonly used, in reality means infec- 
tion of the root canal system with the main ca- 
nal, side canals, and apical deltas, as well as in- 
fection of the root dentin. Table 2.1 provides an 
overview of endodontic bacteria. 

Although it has been estimated that the oral 
flora consists of more than 500 different bacte- 
rial species, usually less than 10 cultivable spe- 
cies are recovered from the root canal. However, 
more than 50% of the oral flora is uncultivable, 
and only recently have molecular techniques 
made it possible to obtain a more accurate de- 
tection of bacteria and bacterial DNA from clin- 
ical samples. Thus, in a recent study, the root ca- 
nal of 30 teeth with asymptomatic apical perio- 
dontitis was evaluated for the presence of 40 
commonly occurring microorganisms in endo- 
dontic and periodontal infections using whole 
genomic DNA probes and DNA-DNA hybridiza- 
tion. The DNA of 35 bacteria was detected with 
a range of 5-31 species (Table 2.2). Five probes 
were negative for all root canals. For the sake of 
comparison, bacterial samples from the root ca- 
nal of the same teeth were cultured aerobically 
and anaerobically and 42 microorganisms with 



Table 2.1 Overview of imprtant bacteria in endodontic infections 



Bacteroides 

Campylobacter 

Fusobacterium 

Porphyromonas 

Prevotella 

Wolinella 

Selenomonas 

Mitsuokella 

Treponema 



ANAEROBES 



Gemella 

Peptostreptococcus 



Eqqerthella 

Eubacterium 

Bifidobacterium 

Actinomyces 

Lactobacillus 

Propionibacterium 



Eikenella 
Capnocytophaga 
Actinobacillus 
E. coli 

Enterobacter 

Klebsiella 

Serratia 

Proteus 

Pseudomonas 



Streptococcus 

Staphylococcus 

Enterococcus 



Actinomyces 
Lactobacillus 
Propionibacterium 
Bacillus 

Corynebacterium 



FACU LTATI VESANDAE ROB ES 
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Table 2.2 Bar chart of type and frequency of bacteria from the root canal of 30 asymptomatic, nonvital teeth as 
detected by DNA-DNA hybridization. The length of the bars indicates the % of the canals colonized 
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the "normal" range of 0-6 species per canal were 
recovered. Clearly, there will have to be more 
uncultivable bacteria than were uncovered with 
our 40 probes. Thus, a reasonable estimate at 
present might be that an infected root canal con- 
tains, not less than 10, but rather between 10 
and 50 bacterial species. 

Considering the large number of microorgan- 
isms in the oral cavity, the microbial composi- 
tion of the root canal flora will have to vary. 
However, given the results of the molecular 
study mentioned above it becomes clear that the 
microbiota of the root canal is less complex, but 
very similar to the microbiota of the periodontal 
pocket in patients with active periodontal disease. 
Thus, Bacteroides forsythus, Campylobacter 
showae, Fusobacterium nucleatum ssp. vincentii, 
and Actinobacillus actinomycetemcomitans were 
present in more than 90% of the root canals. Oth- 
er designated periodontopathogens like Porphy- 
romonas gingivalis (60%), Campylobacter rectus 
(80%), Prevotella intermedia (50%), Selenomonas 
noxia (60%), Peptostreptococcus micros (70%), 
Treponema socranskii (70%), and Treponema den- 
ticola (40%) were commonly present as well. The 
"red complex" bacteria B. forsythus, P. gingivalis, 
and T. denticola, which are known to have a de- 
cisive influence on the progression of disease in 
patients with active marginal periodontitis, 
were together present in 40% of the root canals. 

Porphyromonas endodontalis, which in combi- 
nation with other root canal bacteria is known 
to cause transmissible infection in guinea pigs, 
was recovered from 30% of the canals. Interest- 
ingly, combinations of the same endodontic bac- 
teria, but without P. endodontalis, did not cause 
transmissible infection in the same experi- 
ments. Still, these and other noninfective bacte- 
ria may play an important role in maintaining 
the root canal infection by providing growth fac- 
tors for the principal pathogens and by synthe- 
sizing and degrading biofilm-like materials. 

The associations of bacteria in a mixed infec- 
tion is not random. With regard to oral bacteria, 
this is best known from studies on dental plaque 
where six closely associated groups or complex- 
es of bacterial species are recognized. The red 
complex mentioned above is one of the groups. 
An "orange" complex including Campylobacter 
rectus, C. showae, Eubacterium nodatum, Fuso- 
bacterium nucleatum, P. intermedia, P. micros, 
and P. nigrescens is important for disease pro- 



gression as well. A third group includes the Ac- 
tinomyces and a fourth group consists of Capno- 
cytophaga species, A. actinomycetemcomitans, 
Eikenella corrodens, and Campylobacter concisus. 
The streptococci make up the fifth group and the 
sixth group comprises Veillonella parvula and 
Actinomyces odontolyticus. 

Clearly, the root canal is different from the 
periodontal pocket, and at present it is not 
known whether the findings in plaque are total- 
ly valid in endodontic infections. However, in es- 
tablished root canal infections where Gram-neg- 
ative species are numerically important, Fuso- 
bacterium nucleatum plays a dominating role. 
This species congregates with most oral bacte- 
ria, including strains of P. gingivalis, T. denticola, 
A. actinomycetemcomitans, P. intermedia, Eu- 
bacterium species, Selenomonas species, and Ac- 
tinomyces species. The important red and orange 
complexes contain most of these coaggregating 
species. 

Microorganisms are also frequently found in 
the root canal of root filled teeth with apical per- 
iodontitis, i.e., in root filled teeth where the 
treatment has failed. However, in these teeth the 
flora is different from the flora of untreated non- 
vital teeth in that it is heavily dominated by fac- 
ultative anaerobic species. Enterococci, strepto- 
cocci, and staphylococci are frequently isolated 
organisms under these conditions. Clinically, 
this is important in that a different antimicrobial 
regime might be called for in the retreatment of 
the failed cases than would normally be used in 
primary treatment of root canal infections. 

Portal of Entry of Bacteria 

The crown of the tooth is the main portal of entry 
for bacteria into the pulp and root canal space. 
This is readily understood in teeth with pulp ex- 
posures or in teeth with carious lesions. At first 
it may be somewhat more difficult to see how 
the bacteria can reach the pulp through an intact 
crown. However, in reality there is rarely such 
a thing as an "intact" crown. Teeth have dentin 
exposed by attrition or abrasion, or by scaling 
and root planing during prophylaxis and treat- 
ment of periodontal disease. Enamel-dentin 
cracks filled with plaque and bacteria are com- 
monly present in teeth. They are almost bound 
to run at an angle with the dentinal tubules so 
that a single crack may lead to exposure of a 
large number of tubules (Fig. 1.30). 
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Another possible pathway of infection of the 
necrotic pulp and root canal space is the apical 
foramina and accessory canals through a hema- 
togenous spreading of the bacteria. However, 
the evidence for this is presently inconclusive. 
Still, it is known that oral bacteria that readily 
enter the bloodstream following dental treat- 
ment and prophylactic measures may settle 
down at sites where there is tissue damage, con- 
ceivably also in necrotic tissue of the root canal. 
The fact that most of the bacteria isolated from 
the root canal are also found in the periodontal 
pocket has been regarded as a strong indication 
that a hematogenous spreading of bacteria to 
the root canal indeed occurs. However, exposed 
dentin is especially prevalent in the cervical area 
of the teeth adjacent to the periodontal pocket, 
and infection of the pulp by periodontal bacteria 
via a direct route through the dentinal tubules 
seems entirely possible (Fig. 2.2). 

Infection of the Periapical Lesion 

Traditionally it has been held that in teeth with 
asymptomatic apical periodontitis the microor- 
ganisms are in necrotic tissue in the root canal 
system and in tubules of the root dentin, where- 
as the periapical lesion is free of bacteria. Prob- 
ably, the defense systems mobilized by periapi- 
cal inflammation at first will eliminate the bac- 
teria from the root canal that invade the 
periapex. However, in long-standing infections 
with a more or less permanently established mi- 
croflora in the root canal, the host defenses are 
less effective, and microbial invasion of the peri- 
apical lesion may take place. 

As in the root canal the infection of the peri- 
apical lesion is characterized by a wide variety 
of combinations of bacteria. Some 30-40 bacte- 
rial species are commonly recovered from a 
granuloma and about half to two thirds are 
anaerobes (Table 2.3). In situ hybridization stud- 
ies have shown different bacterial morphotypes, 
cocci, rods, spiral- and spindle-shaped, and bac- 
teria of different morphology coaggregating and 
forming microcolonies inside the tissue (Fig. 
2.3). As in the root canal Fusobacterium, Porphy- 
romonas, Prevotella, Campylobacter, and 
Treponema species are commonly isolated. In 
one study, the "red complex" bacteria Bacter- 
oides forsythus, Porphyromonas gingivalis, and 
Treponema denticola were present in 70% of the 
lesions and Porphyromonas endodontalis was 



present in 50%. Of Gram-positive anaerobes, Ac- 
tinomyces, Propionibacterium, Peptostreptococ- 
cus, and Eubacterium species are frequently 
present. In addition, facultative Actinomyces, 
Streptococcus, Enterococcus, and Staphylococcus 
species are recovered. 

In periapical lesions refractory to endodontic 
therapy, the periapical flora is highly dominated 
(80%) by Gram-positive organisms and is clearly 
different from the flora that normally responds 
to treatment. In one study, 75% of the refractory 
lesions contained Streptococcus, Staphylococcus, 
Bacillus, Pseudomonas, Stenotrophomonas, 
Sphingomonas, Enterococcus, Enterobacter, or 
Candida species, and typically the organisms 
persisted in five of eight patients who had taken 
antibiotics systemically before sampling. Sever- 
al of these microorganisms have adapted over 
time to live in many different environments. 
They may be surrounded by extracellular mate- 
rials in a biofilm-like structure (Fig. 6.15), or the 
bacterial aggregates may have the form of gran- 
ules with diameters up to 3-4 mm (Fig. 2.4). 
These granules often have a bright, yellow color, 
and because of this in older literature are re- 
ferred to as sulfur granules. One or more Actin- 
omyces species is as a rule recognized in the sul- 
fur granules, but in addition a wide spectrum of 
other bacteria like Propionibacterium, Staphylo- 
coccus, Peptostreptococcus, Pseudomonas, and 
Treponema species are recovered from the gran- 



Fig. 2.3 Section from periapical endodontic lesion. 

Clinical diagnosis: Asymptomatic apical periodontitis. 
A probe specific for the domain Bacteria, EUB 338, has 
been used to visualize the bacteria in the granulation 
tissue 
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ules. Most of the organisms in the granules are 
simultaneously present in the periapical lesions. 

In cases where the endodontic treatment has 
been incorrect or grossly inadequate, for in- 
stance, after repeated but inadequate antibiotic 
treatment, often in conjunction with multiple 



openings and closings of the root canal or incor- 
rect and unsuccessful periapical surgical treat- 
ment, the presence of enteric and environmen- 
tal bacteria and yeast is especially conspicuous. 
In such instances organisms like Escherichia coli, 
Bacteroides fragilis, Pseudomonas aeruginosa, 



Table 2.3 Bar chart of type and frequency of bacteria as detected with DNA-DNA hybridization in 17 periapical 
lesions of asymptomatic teeth following submarginal incision and sampling from the lesions. The length of the 
bars indicates the percentage of lesions colonized 



Fu$cb»ci*rium nuc.ttp.vincentfS 
Veillanefla parvuia 
Strep tococcus anqinosus 
Streptococcus Qordoflti 
P*ptcstr*ptococcui micros 
Actinomyces israelii 



Campylobacter rectus 
Porphynmonaa gingivals 
Capnocytophaga ochracea 
Neisseria mucosa 
Bacteroides forsyihus 
Treponema socranSkii &&p. sOCrattsMt* 
Seienomortas noxia 
ActmobaciHus aclinomyeutcmco rrnf a/is 
Capnooytophagt sputigena 
ftWBMh intermedia 
Streptococcus intermedins 
Treponema danticofa 
Actinomyces odontotyticus I 
Streptococcus cotrsioitatus 
Porphyromonas endodontatis 
Actinomyces gerancseriae 
Eikenelta corrodens 



Somalia morbiliorum 
Campylobacter graciiis 
Etibacterium no da turn 
Campylobacter abowaa 
Captfocytopbaga gingivals 
Eubacterium saburreuni 
PrevOtelia nigresosrts 
FusoBKtarium pariodontfevm 



Actinomyces naasiundii I 
Propionibactarium acnes 
Lcpto tricbta buccalis 
Streptococcus sanguis 
Fusabacterium nuc.ssft.mcteatum 
Fusobactarium nuc.szp.potymorpnum 
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Fig. 2.4a Surgical treatment of refractory apical 
periodontitis, b Three granules of diameters between 
2 and 4 mm of a bright yellow color (so-called sulfur 
granules) are recovered from the periapical lesion, c 
Scanning electron micrograph of surface area of sulfur 
granule seen in b. Microorganisms that are tightly 
packed and glued together make up the outer 
boundary of the granule. Two macrophages are seen 
engulfing bacteria, d Cut surface of granule showing an 
abundance of bacteria. Rod-like organisms are 
prominent and spiral-formed bacteria can be seen, e 
From cut surface of granule. In addition to spiral- 
formed and rod-like bacteria, an amorphous material 
can be seen. 



Enterobacter, Clostridium, Proteus, and Klebsiella 
species and yeast are recovered. The presence of 
these and other mainly nonoral microorganisms 
suggest that blood-born infection of the periapi- 
cal lesion may have taken place. 
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Iatrogenic Factors 

Periapical inflammation may be caused by iatro- 
genic factors, i.e., instruments, medicaments, 
and materials used in endodontic treatment. 
However, bacteria may be present in the root ca- 
nal or may be introduced inadvertantly during 
endodontic treatment, and there is little doubt 
that many clinical reactions that in the past have 




Fig. 2.5 a Nonepithelialized tissue exposed to 10% 
formalin for 1 5 min incubated for the demonstration of 
succinate dehydrogenase. No oxidative enzyme 
activity is evident in the surface area of the affected 
tissue, demonstrating the cytotoxic effect of formalin, 
b Control section not exposed to formalin showing 
oxidative enzyme activity to the surface 



been ascribed to iatrogenic factors are in fact 
due to infection. 

Still it is clear that when a pulp is extirpated, 
a soft-tissue wound is created near the apical fo- 
ramen of the tooth. The wound, which repre- 
sents tissue injury, will cause an inflammatory 
response as the first phase of tissue repair. If no 
further irritants are present, repair will occur in 
3-4 weeks. The severity of the tissue response 
to instrumentation will depend on the degree of 
tissue injury, and vigorous over-instrumenta- 
tion with laceration and removal of periapical 
tissue may cause an acute apical periodontitis, 
sometimes with slight bone resorption so that a 
periapical radiolucency may be seen. However, 
in the absence of bacteria, repair will occur un- 
eventfully. In the presence of bacteria, on the oth- 
er hand, over-instrumentation is an effective way 
to spread the infection. The contaminated endo- 
dontic instruments will cause puncture wounds 
in the periapical tissues, and the bacteria readily 
survive and multiply in the damaged and dead 
tissue. Under such conditions over-instrumen- 
tation may lead to proliferation of epithelial cells 
in the periodontal ligament and possibly to api- 
cal cyst formation. 

Antiseptics are used in the root canal for irri- 
gation during instrumentation and as intracanal 
medicaments to obtain a bacteria-free canal. By 
definition these medicaments have an antibac- 
terial effect, but they also have a toxic effect on 
human cells. All the antiseptics used in endo- 
dontics, especially phenolic and aldehyde com- 
pounds, are potent tissue irritants (Fig. 2.5). 
Thus, the intracanal medicaments may cause 
periapical cell death. Clinically, this is recog- 
nized as exudation from the periapex into the 
root canal. Sometimes it may be difficult to dis- 
tinguish between exudate from an infectious 
and a chemical inflammation. However, if no 
bacteria are present, discontinuation in the use 
of the cytotoxic medicament will result in rapid 
repair. 

Possibly all root canal sealers which are used 
today have a certain tissue-irritating effect, es- 
pecially in the freshly mixed state. However, if 
a sealer is confined to the root canal space, the 
tissue-material interface is small and the in- 
flammatory reaction in the contacting tissue 
will be mild. After a few weeks when the setting 
reaction of the materials is completed, the ma- 
terials generally have no further biological ef- 
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feet, and in the absence of bacteria, tissue repair 
will occur. If the root canal is overfilled so that 
material is forced into the periapical tissues, the 
tissue-material interface is larger and the tissue 
irritation more severe. Also, when a material is 
forced into a tissue, it will have a rough, uneven 
surface that will cause tissue irritation and in- 
flammation mechanically. Thus, a radiolucent 
zone may develop surrounding a material in the 
periapical tissues. Macrophages will be activat- 
ed and gradually the uneven surface of the ma- 
terial will become smooth. A fibrous capsule 
will then form around the material and the re- 
pair process is completed. However, depending 
on the type and consistency of the material, it 
may also be completely removed, either by 
phagocytes, by dissolution in the tissue fluids, 
or by both. 



Pathogenesis of Apical Periodontitis 

Action of Bacteria 

Apical periodontitis may be acute and sympto- 
matic or chronic and asymptomatic. A chronic 
course of development is by far the most com- 
mon, and periapical inflammation is of an insid- 
ious character where near-balanced conditions 
exist between the defense mechanisms of the 
body and the bacteria causing the inflammation. 
The unique feature to be handled by the host de- 
fense in this situation is that the bacteria situated 
in the root canal and the root dentin are protected 
by the tooth from the cells of the periapical tissues. 
The bacteria will survive and multiply inside the 
tooth practically unaffected by the inflammation 
and immune response they cause in the tissues 
outside the tooth. This explains why bacteria of 
generally low-grade virulence may induce and 
sustain an apical periodontitis. Morever, the 
periapical tissue response will be similar to the 
response elsewhere in the body when bacteria 
are able to survive the body's defense reactions, 
and a granuloma will develop. 

The role of the various endodontic bacteria in 
the pathogenesis of periapical granulomas is ex- 
tremely complex and far from understood. Some 
bacteria may have a direct toxic effect on the tis- 
sues through proteolytic enzymes, cytotoxins, 
and hemolysins. A good example is the leuko- 
toxin produced by Actinobacillus actinomyce- 
temcomitans. This leukotoxin is very potent and 



kills neutrophilic leukocytes and monocytes, in- 
cluding macrophages, and suppresses lym- 
phocytes. It may effectively compromise a tis- 
sue's ability to eliminate or control invading 
bacteria or bacterial products. A actinomycetem- 
comitans also produces collagenase, strong alka- 
line and acid phosphatases, a fibroblast-inhibit- 
ing factor, a potent lipopolysaccharide, and an 
additional bone resorption-inducing toxin. 

Porphyromonas gingivalis and to a varying de- 
gree other Porphyromonas and Prevotella species 
also have known tissue-toxic properties. They 
produce proteases, alkaline, acid phosphatases, 
and other enzymes that may initiate bone re- 
sorption, a fibroblast-inhibiting factor, and toxic 
substances like volatile sulfur compounds and 
others. Capnocytophaga species have strong 
aminopeptidase activity, produce a trypsin-like 
enzyme, strong alkaline, and acid phosphatases 
which may act on alveolar bone, and a fibro- 
blast-inhibiting factor. A fibroblast-inhibiting 
factor is also produced by Fusobacterium nucle- 
atum. With the exception of A. actinomycetem- 
comitans endodontopathic bacteria have endo- 
toxins that are only weakly toxic and propably 
without an appreciable direct cytotoxic effect. 

When bacterial enzymes and toxins cause cell 
death, breakdown products that attract phago- 
cytes will be released. However, much more im- 
portant in the pathogenesis of apical periodon- 
titis are bacterial antigens, which are not neces- 
sarily toxic, but which react with lymphocytes 
and macrophages to cause an activation of the 
immune system. Intact bacteria are highly anti- 
genic, as are soluble bacterial components in- 
cluding cell-wall structures, lipopolysaccha- 
rides, and toxins, and may cause specific im- 
mune responses by the host. Specific responses 
are characterized by the activation of T and B 
lymphocytes that bear antigen-binding recep- 
tors for the bacterial antigens. Examples of such 
responses are proliferation of and mediator pro- 
duction by T lymphocytes, T cell-regulated mi- 
crophage activation, and antibody production by 
B lymphocytes. 

In addition, nonspecific responses contribute 
to the pathogenicity of apical periodontitis. For 
example, lipopolysaccharide can activate B lym- 
phocytes to proliferate and secrete antibodies of 
diverse specificity. Moreover, lipopolysaccha- 
ride is a potent stimulator of macrophages, in- 
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Fig. 2.6 Monkey tooth with a periapical granuloma. 

The periapical granuloma is an inflammatory reaction 
of the attachment apparatus of the tooth comprising 
root cementum and root dentin, the periodontal 
ligament, and the alveolar bone. It is surrounded by a 
fibrous capsule and there is no inflammation in the 
bone outside this capsule (hematoxylin-eosin) 



ducing them to produce several bone-resorptive 
mediators. Neutrophilic leukocytes are attracted 
to sites of infection by a number of bacteria- 
driven chemoattractants and also undergo mi- 
gration in response to complement components 
which are generated following complement aci- 
vation by antigen-antibody complexes. Anti- 
gen-antibody complexes placed within the root 
canal have been shown to induce bone resorp- 
tion, probably via a neutrophilic leukocyte-me- 
diated mechanism. However, the host defense is 
rather effective. This is convincingly demon- 
strated by the fact that a periapical granuloma 
in most instances progresses at a slow pace and 
effectively prevents the spread of the infection 
outside the periapical area. 

Periapical Granuloma 

The granulomas may be divided according to the 
causal agent into infective granulomas and for- 
eign body granulomas. It is not known whether 




Fig. 2.7 Extracted tooth with a periapical granuloma. 

Note the shiny surface of the granuloma due to the 
surrounding fibrous capsule 



foreign bodies, for instance, root filling materials 
in the periodontal ligament, may cause a gran- 
ulomatous inflammation, and for all practical 
purposes the periapical granuloma may be re- 
garded as an infective granuloma due to bacte- 
ria. 

Thus, apical periodontitis is characterized by 
the formation of granulation tissue at the apex 
of the tooth (Fig. 2.6). A normally well-devel- 
oped capsule consisting of collagenous fibers 
forms around the granulation tissue and attach- 
es to the root surface. If the tooth is extracted, 
the entire granuloma may accompany the tooth 
as a hat-shaped formation over the apex (Fig. 
2.7). It is important to understand that the apical 
granuloma is not primarily a bony lesion (oste- 
itis), but an inflammatory reaction of the attach- 
ment apparatus of the tooth comprising both the 
root cementum (and root dentin), the periodon- 
tal ligament, and the alveolar bone. Thus, as the 
size of the granuloma slowly increases, resorp- 
tion of the bone, and to a lesser degree of the 
root end, occurs. 

Clearly, bacteria are the etiological agents of 
periapical granuloma formation and, clearly, 
bone resorption is an active process carried out 
by osteoclasts. However, the intermediate path- 
ways linking the infection with the resorption 
are poorly understood. Bacterial components, 
especially lipopolysaccharides, can themselves 
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stimulate osteoclastic resorption, but are of rel- 
atively low potency. Products of arachidonic 
acid metabolism, most notably prostaglandin E 2 , 
have also been implicated in the process of in- 
flammatory resorption. The chronic inflamma- 
tory cells present in large numbers in periapical 
granulomas produce several highly potent cy- 
tokines that cause bone resorption. These in- 
clude macrophage-derived interleukin-1 and 
tumor necrosis factor, and the lymphocyte pro- 
duct lymphotoxin. 

Histologically, the established granuloma 
consists of about 50% fibroblasts, endothelial 
cells, and capillaries, and 50% inflammatory 
cells. The dominating inflammatory cells are 
macrophages, followed by T and B lymphocytes, 
plasma cells, and neutrophilic leukocytes. These 
cells can potentially mediate the entire spec- 
trum of immunological phenomena, including, 
delayed-type hypersensitivity, and immune 
complex reactivity (IgM, IgG). Of the lym- 
phocytes present, T cells are generally more nu- 
merous than B cells, indicating an ongoing, spe- 
cifically antibacterial reactivity. T helper and T 
suppressor cells are represented in approxi- 
mately equal numbers in chronic lesions. How- 





Fig. 2.9 Monkey tooth with a small cyst within a 
periapical granuloma. Note that the cyst has formed 
adjacent to the apical foramen. The epithelial lining of 
the cyst cavity should be regarded as a defense 
measure on behalf of the body (hematoxylin-eosin) 




Fig. 2.8 Monkey tooth with a periapical granuloma 
containing strings of epithelium in all likelihood 
because of proliferation of epithelial rests of Malassez 
(hematoxylin-eosin) 



Fig. 2.10 Large periapical cyst where the epithelial 
lining of the cyst cavity is brought in close contact with 
the fibrous capsule of the granuloma (hematoxylin- 
eosin) 
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ever, in actively developing lesions, T helper 
cells (CD4 + ) outnumber the T suppressor cells 
(CD8 + ), whereas T suppressor cells predominate 
when the lesion size stabilizes. This suggests 
that T helper cells play a key role in the devel- 
opment of an apical granuloma, whereas T sup- 
pressor cells may dampen excessive immune re- 
activity, leading to cessation of lesion growth. 
T helper cells possess several mechanisms by 
which they can mediate bone lysis. Besides stim- 
ulating B cells to produce antibodies, they pro- 
duce the resorptive cytokine lymphotoxin, a 
macrophage migration-inhibiting factor, and in- 
terferon-y, which together attract and activate 
macrophages. Activated macrophages in turn 
elaborate the bone-resorptive cytokines inter- 
leukin-1 and tumor necrosis factor, as well as 
prostaglandin E 2 . 

Sometimes Malassez epithelial rests will pro- 
liferate in the granulation tissue, forming islands 
and strings of epithelium throughout the gran- 
uloma (Fig. 2.8). 



Periapical Cyst 

By definition a cyst is a liquid-containing, epi- 
thelium-lined cavity. In some instances a cyst 
develops from within a periapical granuloma 
(Fig. 2.9). These cysts are termed apical, periapi- 
cal, or radicular cysts and are characterized by 
the fact that they are always and without excep- 
tion attached to the root of the tooth in the same 
way as the granuloma. If the irritants in the root 
canal are persistent and strong enough, the 
granulation tissue of a granuloma may break 
down and become necrotic. This tissue break- 
down will occur most often adjacent to the api- 
cal foramen where the irritants enter the tissue. 
As was discussed above, the cells of the epithe- 
lial rests of Malassez are often known to prolif- 
erate in periapical granulomas. When granula- 
tion tissue necrotizes, the proliferation of epi- 
thelium occurs rather predictably in the tissue 
bordering the necrotic area. Gradually, a fairly 
complete epithelial lining is formed, the necrotic 
tissue liquefies, and a cyst cavity has developed 
inside the granuloma (Fig. 2.9). 




Fig. 2.11a Radiograph of a large periapical radiolucent 
lesion from a mandibular canine. Large quantities of a 
clear exudate possibly indicate a cystic lesion, b After 



6 months of calcium hydroxide treatment (see Chapter 
6), the lesion has filled in nicely with new bone, c 
Postoperative radiograph with root canal filling 
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Fig. 2.1 2 Monkey tooth with lateral root 
canal and lateral periodontitis (hematoxylin- 
eosin) 



The proliferation of the epithelium and the 
formation of the epithelial cyst lining should be 
regarded as a defense measure on behalf of the 
body, similar to what occurs in periodontal dis- 
ease when a deepened periodontal pocket is 
lined by epithelium. At first the cyst cavity en- 
compasses only a small area of the granuloma 
adjacent to the apical foramen. However, the ep- 
ithelial lining is now the first line of defense, so 
that gradually and with continuing tissue irrita- 
tion the cyst cavity will increase in size until the 
epithelial lining is brought in close proximity 
with the fibrous capsule of the granuloma (Fig. 
2.10). The entire lesion may then continue to de- 
velop and increase in size and it may reach im- 
pressive dimensions, sometimes filling the larg- 



er part of a quadrant of the maxilla or the man- 
dible (Fig. 2.11). 

Similar to the granuloma, the development of 
the periapical cyst appears to be mediated by 
immunological reactions. This is suggested by 
the observation of immunocompetent cells in 
the proliferating epithelial layer and the pres- 
ence of immunoglobulins in the cyst fluid. Many 
studies have been performed to determine the 
frequency of cyst formation in periapical gran- 
ulomas and figures between 6% and 43% have 
been reported. However, none of these studies 
is conclusive. Still it might appear that a fre- 
quency of 6% is reasonably close to the factual 
situation. 




Fig. 2.13 Dog tooth with interradicular periodontitis Fig. 2.14 Diagram illustrating a tooth with apical 
(furcation lesion; hematoxylin-eosin) periodontitis and a long-standing fistula to the sulcular 

area. The fistula has led to exposure of the root surface 
and the formation of a periodontal pocket. Both 
endodontic and periodontal treatment are necessary, 
and the lateral lesion can only heal with an epithelial 
attachment to the root surface 
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Fig. 2.1 5 Diagram illustrating a tooth with a 
periodontal pocket to foraminal areas of the 
root. If a retrograde pulpitis develops, endo- 
dontic treatment will be necessary. The lateral 
lesion may heal with an epithelial attachment 
following periodontal treatment 



Lateral Periodontitis and Furcation Lesions 

As is known, accessory root canals occasionally 
reach the periodontal ligament laterally on the 
root surface or in the furcation area of multiroot- 
ed teeth (Figs. 2.12, 2.13). Granulomatous le- 
sions may then develop adjacent to these canals 
in the same manner as discussed for the apical 
granuloma. Because of their location in the per- 
iodontium, the lateral and interradicular lesions 
sometimes may be difficult to differentiate from 
periodontal disease or from endo-perio lesions. 

Endo-Perio Lesions 

An "endo-perio" lesion may be defined as a 
combined lesion that must be treated both en- 
dodontically and periodontally in order to heal. 
Etiologically, an endo-perio lesion may develop 
from an endodontic lesion as well as from per- 
iodontal disease. In the first instance, the lesion 
is usually caused by a long-standing fistula to 
the sulcular area of the tooth that destroys the 
attachment of the periodontium to the root sur- 
face so that a periodontal pocket lined with ep- 
ithelium develops (Fig. 2.14). Endodontic treat- 
ment of the tooth is of course necessary, but the 
lesion as it now has developed will not fully re- 
spond to this treatment. Periodontal treatment 
is required as well and, if successful, the lesion 
will heal with an epithelial attachment to the 
root surface. 

In the second instance, the endo-perio lesion 
is due to periodontal disease with pocket forma- 
tion all the way to the foraminal areas of the root 
so that a retrograde pulpitis develops (Fig. 2.15). 
In this situation as well, both endodontic and 
periodontal treatment is necessary and the suc- 
cess of the treatment will usually depend on the 



effectiveness of the periodontal treatment and 
on whether or not an epithelial attachment to 
the root surface can be established. 

In addition to the combined lesions, lesions 
that have the clinical and/or radiographic appear- 
ance of a combined lesion are often referred to as 
endo-perio lesions. A typical example of such a 
situation is an endodontic lesion with a fistula 
along the root that has led to radiographically 
visible bone resorption, giving the appearance of 
marginal breakdown (Fig. 2.16). However, it 
takes considerable time before a fistula that 
ends in the sulcular area has caused denudation 
of the root surface and pocket formation (Fig. 
2.17). As long as the cementum is protected by 
a layer of healthy periodontal tissue, however 
thin, the lesion, including the lateral and mar- 
ginal components, will heal completely follow- 
ing endodontic treatment (Figs. 2.16, 2.17). Per- 
iodontal treatment in this situation should not be 
initiated since scaling will result in removal of the 
delicate healthy tissue on the root surface and a 
periodontal pocket will form. Repair can then 
only occur with an epithelial attachment. Simi- 
larly, periodontal disease may sometimes give 
the appearance of an endo-perio lesion with 
combined marginal and periapical loss of bone 
(Fig. 2.18). A positive sensitivity response from 
the tooth then suggests that there is no endo- 
dontic component of the lesion, and endodontic 
treatment should not be initiated and would not 
contribute to the healing of the lesion. 

Condensing Apical Periodontitis 

Areas with increased radiopacity are often seen 
in the bone at the apex of the teeth (osteoclero- 
sis, Fig. 2.19). Occasionally the sclerosis is pul- 
pally related and is then referred to as condens- 
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Fig. 2.16 a Radiograph of a mandibular molar with apical, 
lateral, and interradicular radiolucency. The tooth was 
loose and scheduled for extraction. However, after 
renewed examination it was concluded that the 
radiolucency along the mesial root might be an 



endodontic fistula, and endodontic treatment was begun, 
b Radiograph after 2 months with calcium hydroxide in 
the root canals. The tooth is clinically firm and the 
radiolucency is dramatically reduced, c Radiograph at 20- 
month control showing complete healing. 



ing apical periodontitis (Fig. 2.20). A periapical 
granuloma is mainly a productive lesion. This as- 
pect of periapical inflammation appears to be 
enhanced in instances with condensing apical 
periodontitis when irregular masses of bone 
trabeculae with few and small marrow spaces as 
well as fibrous tissue are seen in the granulation 
tissue. The process appears to be a reaction to a 



long-standing low-grade irritation since the 
periapical radiopacity may appear before the 
pulp is totally necrotic. However, complete 
breakdown of the pulp will soon follow. When 
the irritants are removed, the radiographic den- 
sity of the involved bone often returns partially 
or fully to normal (Fig. 2.20). 




a 



Fig. 2.17 a Diagram illustrating a tooth with apical 
periodontitis and a fistula alongside the root, where the 
root surface is still covered by healthy periodontal 
tissue (left). In this instance, complete healing with 
reestablishment of a normal periodontium will follow 




endodontic treatment (right), b Area from the root of 
a monkey tooth with a fistula alongside the root. Note 
that healthy periodontal tissue comprising a few cell 
layers protects the root surface from the pus 
(hematoxylin-eosin) 
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Fig. 2.18 a Radiograph 
of mandibular incisors 
with a large, apparent 
periapical lesion. The 

teeth give a positive 
sensitivity response, b 
Radiograph following 
periodontal treatment 
shows complete healing 




Fig. 2.19 Radiograph of a mandibular molar with 
periapical osteosclerosis at the distal root. The sclerotic 
lesion is not endodontically related. The pulp is vital and 
a normal periodontal ligament space is seen at the apex 
of the distal root 



Symptomatic Apical Periodontitis 

Apical periodontitis may start out with an acute 
episode. In these instances there is no radio- 
graphic evidence of inflammation or periapical 
bone resorption, and the diagnosis is based so- 
lely on clinical signs and symptoms such as 
pain, negative sensitivity, and always tenderness 
to percussion. However, in by far the most in- 
stances, a symptomatic apical periodontitis is 
an exacerbation of an already existing chronic 
inflammation. The symptoms are the same, pri- 
marily pain and tenderness to percussion, but in 
these instances the diagnosis of apical periodon- 
titis can be verified radiographically. 

The reason for the symptoms is a quantitative 
and/or qualitative increase in the toxicity and 
especially the antigenicity of the irritants reach- 
ing the periodontium, or a decrease in the re- 
sistance of the patient, or both. The presence of 
Porphyromonas and Prevotella species and cer- 
tainly other bacteria in the root canal may be im- 
portant in this regard. Iatrogenic factors are 
extremely important, in that infected material 
as well as live bacteria from the canal may be 



Reaction Patterns 49 




Fig. 2.20a Radiograph of a nonvital tooth with condensing apical periodontitis, b Tooth is treated endodontically. 
c Follow-up radiograph after 1 year. The periapical area has regained its normal radiographic density 



brought into the periapex during root canal in- 
strumentation. Overinstrumentation and over- 
filling of the root canal may lead to tissue dam- 
age and release of inflammatory mediators even 
in the abscence of bacteria. In addition, in sen- 
sitized patients, an acute antigen-antibody 
complex reaction may be caused by medica- 
ments and materials. This is well known from 
clinical endodontics when, for instance, iodine 
compounds have been used as intracanal med- 
icaments in patients who proved to be allergic 
to iodine. Acute reactions have also been ob- 
served after root canal filling with certain 
materials. 




a 



Fig. 2.21 a Submucosal palatal abscess from a nonvital 
right maxillary central incisor, b Subcutanous abscess 
from a mandibular first molar with apical periodontitis. 



During the symptomatic phase of periapical 
inflammation, the cell picture is dominated by 
neutrophilic leukocytes. Proteolytic enzymes 
from these and other cells cause tissue break- 
down. This results in accumulation of pus, ab- 
scess formation, and an increase in tissue pres- 
sure in the area. Inflammatory mediators re- 
leased during the suppuration process initiate 
bone resorption and the resorptive process will 
advance, usually in the direction of least resist- 
ance. An especially painful period is experienced 
if the pus breaks through the bone and is situ- 
ated underneath the periosteum. Gradually, the 
periosteum will also be broken through so that 




b 



The flora of the periapical lesion and of the pus from the 
abscess was dominated by Actinomyces species 
(Periapical actinomycosis) 
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the abscess assumes a submucosal or subcuta- 
neous position (Fig. 2.21). The pressure is now 
greatly relieved and the pain usually subsides al- 
though the swelling may be considerable. Even- 
tually the pus usually breaks through to a sur- 
face (Fig. 2.22). 

The direction of the breakthrough of the ab- 
scess is generally determined by the shortest 
route, but is influenced by the anatomy of the 
area. Most commonly the drainage will occur in 
the oral vestibule (Fig. 2.23). In the maxilla, pal- 
atal drainage may occur from the lateral incisors 
and from the palatal roots of the molars. More- 
over, abscesses from maxillary teeth may empty 
into the sinus and the nose. A spread to the brain 
is also possible, and it has been claimed that 
about 10% of brain abscesses which are diag- 
nosed are of dental origin. 

Buccal drainage of an abscess is most com- 
mon in the mandible as well. However, lingual 
drainage from premolars and molars occurs usu- 
ally under the mylohyoid muscle. Lingual drain- 
age is a serious condition, and cooperation with 
a specialist should be considered as these ab- 
scesses may continue to spread into the throat, 
resulting in life-threatening complications. Ab- 
scesses may also break through extraorally, 



most often on the chin or beneath the mandible 
(Fig. 2.24). 

Fistula 

The passage or tract leading from an abscess to 
a body surface is called a fistula. As discussed 
above, a fistula often forms as a result of an acute 
episode or an exacerbation of an apical perio- 
dontitis. However, it should be emphasized that 
a fistula forms just as readily without symptoms 
and is often diagnosed in the dentist's chair 
without the patient having noticed it. When pus 
has drained, the orifice of the fistula may close 
and epithelialize only to open up again when 
pressure builds up periapically. This may occur 
without symptoms as well and without the pa- 
tient's knowledge. In many instances the fistu- 
lous tract becomes epithelialized (Fig. 2.22). If 
the periapical inflammation responds to treat- 
ment, the fistula will heal and the epithelium 
disintegrate. Only a slight scar may remain on 
the mucosa or the skin where the opening was. 

As appears from the above, the opening of the 
fistula is usually located on the mucosa adjacent 
to the tooth from which it originates. However, 
occasionally the fistula may end quite far from 
the diseased tooth. Diagnostic mistakes may 
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Fig. 2.23 a Fistula in oral vestibule, b Palatal fistula. periodontal pocket to the apex? Tooth is nonvital, 

c Four gutta-percha points in periodontal defect. therefore endodontic treatment first, e Radiograph 

d Radiograph of points reaching to the apex of tooth showing periapical healing following endodontic 

with apical radiolucency. Question: Is periodontal treatment, f Probing depth normal. Periodontal defect 

defect due to endodontic fistula alongside the root or has healed following endodontic treatment 
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Fig. 2.24 a Extraoral fistula on patient's chin, b By 

means of a gutta-percha point, the fistula is traced 
radiographically to an endodontically treated canine 



then be made, often leading to irreversible 
treatment of a healthy tooth (Fig. 2.25). A fis- 
tula should, therefore, always be traced with a 
radiopaque object, for instance, a gutta-percha 
point, to determine the tooth of origin radio- 
graphically. 

Bacteremia 

Bacteria may be translocated to the bloodstream 
during endodontic treatment of infected teeth. 
If the instrumentation of the root canal ends in- 
side the apical foramen, the frequency of bac- 
teremia appears to be less than if the root canal 
is over-instrumented. Thus, in one study 31% of 
the patients where the instrumentation ended 
1 mm short of the apical foramen yielded culti- 
vable bacteria in the blood; 54% of the patients 
had bacteria in their blood when the instru- 
ments were introduced beyond the apical fo- 
ramen. 

The microorganisms that gain entrance to the 
blood circulate throughout the body, but are 
usually eliminated by the reticuloendothelial 
system within minutes (transient bacteremia). 
As a rule a transient bacteremia leads to no other 
clinical symptoms than possibly a slight increase 
in body temperature. However, if the circulating 
microorganisms find favorable conditions, they 




b 



may settle at a given site and after a certain time 
lag start to multiply (Fig. 2.26). Thus, in comp- 
romized patients, bacteremia may be a potential 
danger, leading to disease away from the oral 
cavity. Oral bacteria have been isolated from ab- 
scesses in internal organs and the brain, from 
heart valves with infective endocarditis or ste- 
nosis, from coronary arteries of bypass and 
transplant patients, and generally from athero- 
mas in patients with cardiovascular disease (Fig. 
2.26). Studies using biochemical tests as well as 
genetic methods have confirmed that bacteria 
recovered from brain abscesses and atheromas 
may have identical characteristics as organisms 
isolated from sites of infection in the oral cavity, 
strongly suggesting that the bacteria originated 
in the oral cavity. 

According to classic textbook information, the 
viridans streptococci have been regarded as es- 
pecially important in bacteremia-related diseas- 
es (e.g., infective endocarditis). However, anaer- 
obic infections are often overlooked, mostly due 
to lack of necessary laboratory equipment and 
identification techniques. In spite of the fact that 
blood is a highly oxygenated medium, anaerobic 
organisms survive well in blood. For instance, 
many of the organisms have enzymes that are 
protective against toxic oxygen-reaction prod- 
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Fig. 2.25 a Radiograph of the right mandibular canine 
area. The patient has had a fistula opening up to the 
vestibule adjacent to the lateral incisor for 6 years. The 
lateral incisor has been treated endodontically without 
success. Then an apicoectomy with retrograde filling 
was performed with the same lack of success. Upon 




a 



Fig. 2.26 a Scanning electron micrograph from aortic 
aneurysm. Circulating bacteria seemingly have been 
"caught" in a net of fibrils in area of vessel wall, 
b Scanning electron micrograph from stenotic lesion of 




b 



referral of the patient, the fistulous tract was carefully 
traced to the endodontically treated first premolar, 
b Following retreatment of the premolar, the fistula 
immediately closed and periapical healing was 
observed 




aortic valve. Coaggregating microorganisms with 
different morphologies are seen. Oral bacteria have 
been recovered from lesions in the heart 
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Fig. 2.27 Apical end of a nonvital tooth after successful 
endodontic treatment. Cemental repair of areas in the 
root which have undergone resorption is evident 
(hematoxylin-eosin) 




Fig. 2.28 Monkey tooth showing fibrous periapical 
healing following endodontic treatment of apical 
periodontitis. A dentin chips plug is present in the 
apical end of the root canal (hematoxylin-eosin) 



ucts, and several facultative species work in con- 
cert with anaerobes, promoting their survival. 
Recent and ongoing research clearly shows that 
oral anaerobes are more prevalent in nonoral in- 
fections than has so far been anticipated. 



Repair in the Apical Periodontium 

If the etiological factors causing the develop- 
ment of apical periodontitis are removed by en- 
dodontic treatment, healing may occur. Macro- 
phages and other phagocytes remove break- 
down products, including disintegrating 
epithelium from cyst walls and fistulas. Macro- 
phages and lymphocytes produce factors chem- 
otactic for fibroblasts, bringing these cells to the 
inflamed area. Moreover, they produce fibrob- 
last-activating factors which cause these cells to 
proliferate and produce collagen to replace the 
fibers lost during the destructive phase of the 
disease. New cementoblasts are differentiated 
and cementum is laid down in resorptive areas 
of the root. Osteoblasts will form new bone to 
replace the bone that was resorbed and the api- 
cal periodontium is gradually restored. Only an 
irregular shape of the root end (since resorbed 
dentin is not replaced) may suggest that an api- 
cal periodontitis has existed in the area (Fig. 
2.27). 

In some instances, especially in elderly pa- 
tients and after surgical removal of a periapical 
granuloma or cyst, the area of bone resorption 
may not fill in completely with new bone, but 
with an unmineralized fibrous tissue (Fig. 2.28). 
Obviously, this is of no consequence for the pa- 
tient, but occasionally may cause diagnostic dif- 
ficulties in that the scar tissue cannot always be 
differentiated from granulation tissue in radio- 
graphs. 

Apical periodontitis does not always heal fol- 
lowing endodontic treatment. In most instances 
this is a result of inadequacies of the treatment. 
However, as discussed above, in long-standing 
lesions, an infection may be established in the 
tissues outside the root. The extraradicular bac- 
teria may survive the treatment and sustain the 
periapical inflammation. 

Radiographic Appearance and Differential 
Diagnosis 

Periapical inflammatory processes cause chang- 
es in periapical bone, mainly bone loss, which 
will appear as periapical radiolucencies in radio- 
graphs. Thus, the radiograph is an extremely im- 
portant diagnostic aid in endodontic diagnos- 
tics. However, the radiolucency is not pathog- 
nomonic for apical periodontitis. 
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On the contrary, several local and systemic 
processes may have similar radiographic mani- 
festations. 

Changes in bone texture are the earliest radi- 
ographic signs of apical periodontitis. However, 
these changes may be difficult to assess, and a 
widening of the periodontal ligament space in 
the periapical region is usually considered as the 
most reliable initial sign (Fig. 2.29). On occasion, 
symptomatic apical periodontitis with abscess 
formation may cause rapid and widespread 
demineralization of bone, and radiographs taken 
during the acute phase may reveal extensive ra- 
diolucent areas with indefinite borders. Once 
the acute phase has subsided, a large portion of 
the bone may return to normal radiopacity, leav- 
ing a periapical radiolucency of smaller size 
which is well demarcated against surrounding 
bone. 

Periapical Granulomas and Cysts 

Radiographically, a periapical granuloma or 
periapical cyst is seen as a round or oval radi- 
olucency that extends away from the apical por- 
tion of the root of the tooth (Fig. 2.30). Variation 
in the position of the radiolucency usually indi- 
cates the presence of a major lateral canal (Fig. 




Fig. 2.29 Radiograph with widened periodontal liga- 
ment space at the apex of the mesial root, probably 
because of inadequate instrumentation and disinfec- 
tion of the root canal 



2.12). The borders of the lesion are most often 
fairly well circumscribed, but in many instances 
the lesion has a fuzzy appearance (Fig. 2.30). 




Fig. 2.30 a Radiograph showing a 
periapical lesion of pulpal origin. The 

lesion has sharp borders, but from 
the radiograph it cannot be deter- 
mined whether it is a granuloma or 
a cyst, b Radiograph showing a per- 
iapical lesion of pulpal origin with 
fuzzy borders. It cannot be deter- 
mined from the radiograph whether 
the lesion is a cyst or a granuloma 
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Fig. 2.31a Histological section of a root end with a 
periapical lesion with a small cyst cavity (C). b In a CT 

scan of the jaw at this level, the cyst cavity (C) clearly 
has a lower density than adjacent granulomatous tissue 
(root = R) 



Traditionally, it has been held that the radio- 
graphic appearance of a periapical lesion is sug- 
gestive of whether the lesion is a granuloma or 
a cyst, in that a cyst is allegedly more sharply 
defined and has a central portion which is more 
radiolucent than a granuloma. This is a miscon- 




a 



Fig. 2.32 a Radiograph showing a radiolucent area 
between mandibular premolars readily diagnosed as 
mental foramen, b Radiograph of same premolars 
taken from a different angle. Mental foramen is 
"distorted" and might mistakenly be diagnosed as 
apical periodontitis emanating from the second 
premolar 



ception. A cyst cavity more often than not com- 
prises only a small part of a granuloma so that 
the border zone of a lesion in both instances will 
consist of granulation tissue surrounded by a fi- 
brous capsule. In computed tomography (CT) 
scans, however, the density of the content of a 
cyst cavity can be distinguished from that of 
granulation tissue and fibrous tissue (Fig. 2.31). 
Otherwise, a definite diagnosis of periapical 
granuloma or cyst can be arrived at only after 
microscopic examination of biopsy material. 
Clinically, the inability to differentiate radio- 
graphically between a granuloma and a cyst is 
of only minor importance in that the treatment 
is the same in both instances. Failure of a peri- 
apical lesion to respond to treatment may de- 
pend more on whether or not it is infected than 
on the nature of the lesion. 

Foramina and Other Structures 

Because of their radiographic appearance and 
location, some anatomical landmarks may be 
mistaken for inflammatory periapical lesions. 
The incisive canal is often seen in radiographs. 
It varies greatly in width and length and may ap- 
pear as a periapical lesion associated with a 
maxillary central incisor. However, by using dif- 




b 
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ferent projection angles, the root end as a rule 
may be projected free from the incisive canal. 
The mental foramen appears as an oval or round 
radiolucent area in the mandibular premolar re- 
gion (Fig. 2.32). Its location varies in relation to 
the roots of the teeth, and its image may be seen 
inferior to, at the same level as, or superior to 
the apex of the root. Its image may also be su- 
perimposed onto the apex of a tooth, usually the 
second premolar, and be mistaken for a periapi- 
cal lesion. The nasal fossae are sometimes ab- 
normally large and may encroach upon the roots 
of the central incisors. Moreover, the dental pa- 
pilla of a developing tooth, especially if it is su- 
perimposed on the mandibular canal, may pro- 
duce an area of marked radiolucency that may 
be mistaken for a periapical lesion. 

Periodontal Disease 

Periodontal disease frequently has radiographic 
manifestations that may be mistaken for apical 
periodontitis. As described for the periapical ab- 
scess, a periodontal abscess may cause wide- 
spread periradicular destruction of bone involv- 
ing the periapical area as well (Fig. 2.18). A pos- 
itive sensitivity response of the tooth will aid in 
the differential diagnosis. In periodontal disease, 
the pattern of bone destruction is often vertical 
along the root, and in advanced cases, the bone 
loss may progress beyond the apex of the tooth 
(Fig. 2.33). The resulting radiographic lesion can 
be mistaken for a lesion of pulpal origin, espe- 
cially if the periodontal pocket is situated on the 
buccal or lingual aspect of the tooth. A conse- 
quence of periodontal disease is commonly an 
increased mobility of the teeth. This, in turn, 
may lead to a widening of the periodontal liga- 
ment at the root end, giving the radiographic ap- 
pearance of a periradicular radiolocency. 

Vertical Fracture 

A vertical fracture of a tooth may result in com- 
munication between the gingival sulcus (oral 
cavity) and the apical periodontium. The frac- 
ture line will be a portal of entry for bacteria 
from the mouth into the tissues, causing inflam- 
mation and bone destruction. A periapical lesion 
often forms which may have the appearance ra- 
diographically of a pulpally related lesion (Fig. 
2.34). Since a vertical fracture may be incom- 
plete, its diagnosis in many instances is ex- 
tremely difficult. Sometimes it is recognized 




Fig. 2.33 Radiograph of a mandibular molar with 
severe periodontal disease. Note radiolucent zones 
alongside the roots. The tooth reacted positively to 
sensitivity testing 




Fig. 2.34 Radiograph of an endodontically treated 
mandibular premolar with radiolucent areas alongside 
the root. This pattern of bone resorption is strongly 
indicative of a vertical fracture in that noxious agents 
reach the fracture line from the oral cavity and are 
released laterally to the periodontium, causing bone 
resorption. The clinical examination confirmed the 
tentative diagnosis 



clinically because a periodontal pocket forms 
along the fracture line and in other instances a 
simple exploratory surgical procedure may aid 
in establishing the correct diagnosis. 
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Fig. 2.35a Radiograph of a mandibu- 
lar premolar with a lateral periodontal 
cyst. The teeth all react positively to 
sensitivity tests. bThe cyst was remov- 
ed surgically. This radiograph shows 
complete healing 6 months postope- 
ratively 



Cysts of the Jaws 

Cysts of the jaws and some cyst-like conditions 
have radiographic features and sometimes a lo- 
cation that may make them appear to be peri- 
apical lesions of pulpal origin. In most instances, 
these cysts are periodontal cysts. They may de- 
velop from retained root tips of primary teeth 
or epithelial remnants once associated with the 
periodontal ligament of primary teeth. They 
may also develop in the periodontal ligament of 
permanent teeth away from the apex and unat- 
tached to the root or they may be residual peri- 
apical cysts that remain in the jaw after the 
tooth from which they originated has been ex- 
tracted (Fig. 2.35). Moreover, the dentigerous 
cyst which develops in association with the 
crown of unerupted or supernumerary teeth 
may sometimes have an extension that makes a 
correct diagnosis difficult. 

Of the nonodontogenic cysts, the incisive ca- 
nal cyst and the globulomaxillary cyst are the 
most important from a differential diagnostic 
point of view. The incisive canal cyst is in most 
instances situated in the midline extending lat- 
erally to both sides. However, it may extend lat- 
erally to one side only and may then be located 
over the apex of a central incisor. The globulo- 
maxillary cyst is situated between the maxillary 
lateral incisor and the canine (Fig. 2.36). It usu- 
ally extends toward the marginal crest of the 
bone, and as it increases in size may cause di- 



vergence of the roots of the adjacent teeth, or it 
may cover the apices of neighboring teeth. Both 
the incisive canal cyst and the globulomaxillary 
cyst may become infected and cause pain, ten- 
derness, and abscess formation with sometimes 
considerable swelling. 

Traumatic bone cysts occur most commonly 
in the mandible (Fig. 2.37). Radiographically 




Fig. 2.36 Area of a panoramic radiograph showing a 
radiolucent lesion between the maxillary left lateral 
incisor and canine. The teeth in the area have intact 
crowns and react positively to sensitivity testing. Note 
deviation of the roots of the lateral incisor and canine 
teeth. Tentative diagnosis: Globulomaxillary cyst 
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Fig. 2.37 a Radiograph of 
mandibular incisors with a 
radiolucent lesion over their roots. 

The teeth have intact crowns and 
react positively to sensi-tivity tests. 
Tentative diagnosis: Trau-matic 
bone cyst, b Radiograph taken after 
3 years. The radiolucent lesion has 
resolved without treatment 



their borders are usually not as well defined and 
more irregular than those of periapical granulo- 
mas and cysts. Their content is characterized by 
a blood-colored viscous fluid which may be vis- 
ualized by aspiration. However, with this lesion, 
as with all cysts and cyst-like lesions in the jaw, 
sensitivity testing remains the most important 
differential diagnostic aid. 

Periradicular Osteosclerosis 

Sclerotic bone is frequently seen in the periapi- 
cal area of teeth (Fig. 2.19). Traditionally, this 
condition was regarded indiscriminately as con- 
densing apical periodontitis, and if the tooth 
showed a positive sensitivity reaction, the lesion 
was assumed to be due to low-grade irritation 
from a chronic inflammation in the pulp. Cur- 
rently it is understood that only few of the peri- 
apical sclerotic lesions are pulpally related (Fig. 
2.20). The etiology of the remaining lesions 
which should be diagnosed simply as periradic- 
ular osteosclerosis is not clear, although it has 
been claimed that they are the result of a local 
disturbance in the osteogenic-osteolytic bal- 
ance in bone metabolism. In rare instances peri- 
radicular sclerotic lesions may cause slight root 
resorption, but other than from a differential-di- 
agnostic point of view, they are without clinical 
interest. 



Tumors of the Jaws 

A wide variety of tumors may have a radio- 
graphic appearance similar to periapical lesions 
of pulpal origin. Of the odontogenic tumors, 
ameloblastomas, cementomas, and odontogenic 
fibromas occur most frequently. 

The ameloblastoma is a true neoplasm that is 
radiographically described as a multilocular 
cyst-like lesion of the jaw with a honeycomb or 
soap bubble-like configuration (Fig. 2.38). How- 
ever, in some instances the ameloblastoma may 
occupy a single or monocystic cavity, making the 
radiographic diagnosis difficult. An important 
observation is that the ameloblastoma as a rule 
produces more extensive apical root resorption 
of the teeth it comes in contact with than lesions 
of pulpal origin. The ameloblastoma occurs most 
frequently in the posterior regions of the man- 
dible, but is seen in all areas of the jaws. It has 
a potential for malignancy and should always be 
removed surgically. 

The cementoma results from proliferation of 
the tissues of the periodontal ligament. It re- 
mains continuous with the ligament and at- 
tached to the root end of the tooth (Fig. 2.39). 
Cementomas occur far more frequently in the 
mandible than in the maxilla, especially in the 
mandibular anterior region and between the 
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Fig. 2.38 Radiograph of a second mandibular molar with periapical 
radiolucent, multilocular lesion. Tentative diagnosis: Ameloblastoma 



roots of the mandibular first molar. The radio- 
graphic appearance depends on the stage of de- 
velopment. In the first stage, when the lesion 
consists of unmineralized fibrous tissue, it ap- 
pears as a well-demarcated, round, and radiolu- 
cent area quite similar to a lesion of pulpal ori- 
gin. It is at this stage that most diagnostic mis- 
takes are made. In the second stage, mineralized 
areas are seen within the radiolucent lesion. This 
radiographic appearance is typical for the ce- 



mentoma, and at this stage the lesion should not 
be mistaken for a granulomatous or cystic le- 
sion. The same applies for the third stage of de- 
velopment, when the cementoma may be com- 
pletely mineralized. A cementoma never causes 
resorption of the root of the tooth with which it 
is in contact and over time will resolve without 
treatment (Fig. 2.40). 

An odontogenic fibroma is a benign tumor 
arising from the periodontal ligament (Fig. 2.41). 
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Fig. 2.40 a Radiograph of a mandibular incisor with a cementoma. b After 2 years the lesion has resolved without 
treatment 



The tumor is composed of fibrous or fully devel- 
oped connective tissue, and as it increases in 
size, it causes periradicular bone resorption. Ra- 
diographically, therefore, a radiolucent area will 
be seen in conjunction with the tooth from 
which the tumor developed. Clinically, the tu- 
mor will be firm and not tender to palpation and 



quite different from a swelling that is inflamma- 
tory in nature. 

Two benign nonodontogenic tumors, the giant 
cell granuloma and the hemangioma, should be 
considered. The giant cell granuloma may be 
designated as peripheral or central in origin. It 
is the central tumor that affects the alveolar 






Fig. 2.41 a Firm swelling suggestive of tumorous 
growth in the region of a mandibular second premolar. 

b Radiographically, a periradicular radiolucency can be 



seen. The tumor was removed and the microscopic 
diagnosis was odontogenic fibroma 
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Fig. 2.42 Radiograph of a mandibular molar with 
technically inadequate root canal filling and a periapical 
radiolucency. The extension and form of the ra- 
diolucent lesion is not typical of a lesion of endodontic 
origin. Microscopic examination following biopsy 
produced the diagnosis of carcinoma 



bone, most often in children and young adults 
and twice as frequently in the mandible as in the 
maxilla. Radiographically, the central tumor 
demonstrates two variations. The first is a ho- 
mogenous, osteolytic, and monolocular lesion. 
The second type exhibits multiple osteolytic foci 
and bone trabeculae within the tumor. With 
both types, malpositioning of teeth and resorp- 
tion of the roots of the teeth with which the le- 
sion comes in contact are common findings. The 
monolocular variation of the giant cell granulo- 
ma may have an appearance rather similar to a 
periapical lesion of pulpal origin. The multiloc- 
ular type, on the other hand, is so different that 
a diagnostic mistake would be unlikely. 

Hemangiomas are rather uncommon and are 
not routinely considered in the differential di- 
agnosis of the lytic lesions of the jaws. However, 
they may have a radiolucent appearance and 
may be located near the apices of the teeth. In 
case of the slightest suspicion that a lesion might 
be a hemangioma, needle aspiration of the con- 
tent should be used to verify the diagnosis and 
to prevent profuse bleeding that can be difficult 
to control. 



Carcinomas and sarcomas of various types are 
found in the jaws, either as primary or metastat- 
ic tumors. In most instances the tumors have a 
clinical and radiographic appearance that sets 
them apart from lesions of pulpal origin. How- 
ever, a carcinoma of the gingiva may look like 
apical periodontitis, and metastatic carcinoma 
of the jaws may cause periapical radiolucencies 
(Fig. 2.42). A sarcoma will cause early bone 
changes that may be either sclerotic or lytic. 
Leukemia may debut with loss of sensitivity of 
the pulp and development of multiple periapical 
radiolucencies. Also, malignant lymphomas have 
been observed in conjunction with teeth. This 
tumor may cause loss of alveolar bone and 
swelling so that both clinically and radiograph- 
ically pulpal or periodontal disease may be sus- 
pected. 

There are many reports in the literature of 
malignant tumors mistakenly being diagnosed 
as apical periodontitis and treated endodonti- 
cally. Since these conditions fortunately occur 
rather infrequently, we do not gain much diag- 
nostic experience and mistakes are bound to 
happen. However, we need to be alert and not 
push strange and unusual findings under the 
carpet if we do not understand them. If in doubt, 
we clearly owe it to our patients to refer them 
to a specialist for further examination and eval- 
uation. 

Systemic Diseases 

A wide variety of systemic disorders like hor- 
mone and vitamin deficiencies and develop- 




Fig. 2.43 Radiograph of mandibular molars with the 
cotton wool-like osteosclerosis typical of Paget's 
disease. Note the resorption of the distal root of the 
second molar 
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mental disturbances may cause oral manifesta- 
tions with dental and osseous anomalies. 

However, in most instances the changes are 
generalized and not readily mistaken for lesions 
of pulpal origin, although endodontic pathosis is 
frequently seen in these patients. An exception 
may be histiocytosis X, which may occur as eosi- 
nophilic granuloma in the form of solitary, radi- 
olucent bony lesions in the periapical area of 
teeth. This disease may cause extensive destruc- 
tion of alveolar bone and swelling and loosening 
of the teeth. Thorough curettage may suffice to 
eliminate the lesion. 



Paget's disease, or osteitis deformans, which is 
a skeletal disease with oral manifestations of un- 
known etiology should also be mentioned. In the 
early stages of Paget's disease, osteolytic lesions 
occur in the bone immediately surrounding the 
roots of the teeth and resorption of the roots 
may occur (Fig. 2.43). As the disease progresses, 
apposition of bone exceeds resorption, and a 
generalized cotton wool-like osteosclerosis is 
seen. At this stage the disease is readily differ- 
entiated from periapical lesions of pulpal origin. 
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3 Endodontic Symptomatology 



Advanced toothache is commonly described as 
the most intolerable pain and is often consid- 
ered more unbearable than pain at childbirth or 
pain caused by kidney or gallbladder stones. 
Still, pain is a subjective experience and al- 
though the transfer of pain impulses occurs in 
the same way in all individuals, the reaction to 
pain is subjective and to a great extent depends 
on psychological phenomena. This fact makes it 
difficult to perform an objective examination of 
the physiology of pain. 

A variety of pain conditions can be diagnosed 
in the oral and perioral regions. In this context, 
pain of endodontic origin is common, and as 
many as 90% of patients with a maxillofacial 
pain condition need to be examined endodonti- 
cally (Fig. 3.1 ). About 60 % of the patients will ac- 
tually have pain of endodontic origin and will be 
in need of endodontic treatment. 

Commonly, endodontic symptoms are con- 
sidered to be of dentinal, pulpal, and periapical 
origin. However, since dentinal pain is mediated 
by pulpal nerves, we will consider endodontic 



symptoms as being either of pulpal or periapical 
origin. 
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[J Patients with maxillofacial pain 

Patients with maxillofacial pain 
in need of endodontic examination 

| Patients with maxillofacial pain 
in need of endodontic treatment 

Fig. 3.1 Endodontic diseases are important and 
common etiological factors for maxillofacial pain 



Pulpal Pain 



Dental Hypersensitivity 

The teeth are normally sensitive to irritants, for 
instance, to temperature changes. Over the 
years, wear and tear, caries, periodontal disease, 
and the treatment of these diseases may have al- 
tered the pain threshold of the teeth and they 
may have become hypersensitive to external ir- 
ritation. In most instances hypersensitivity is 
due to the fact that an area of dentin has become 
exposed to the mouth so that there is commu- 
nication between the oral cavity and the pulp via 
the dentinal tubules. Extreme hypersensitivity 
may be seen after periodontal surgery with ex- 
tensive scaling and root planing and in conjunc- 
tion with abrasion or erosion defects in the cer- 
vical areas of the teeth. Carious lesions may 
cause a hypersensitive reaction, and hypersen- 



sitivity is often seen in teeth after the excavation 
of caries and restoration of a cavity with a filling 
material, either because of thermal conductivity 
of the material used or because of leakage along 
the margins of the restoration. The pulp of a hy- 
persensitive tooth is in most instances healthy and 
free of inflammation. However, an inflammatory 
reaction in the pulp, which is not necessarily 
symptomatic in itself, may alter the responsive- 
ness of pulpal nerves so that stimuli which 
would normally elicit no symptoms or a normal 
reaction may instead cause a hypersensitive re- 
action of the tooth. Dental hypersensitivity, 
therefore, may be an indication of pulpal patho- 
sis. 

The anatomical basis for dental hypersensitiv- 
ity is the sensory nerves in the peripheral pulp 
with unmyelinated nerve endings between and 
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in close contact with the odontoblasts in the 
pulp and the dentinal tubules. There is at 
present little evidence that the more peripheral 
parts of the dentin are innervated so that a 
mechanism may have to exist whereby stimuli 
are transferred from the root surface to afferent 
nerves in the inner dentin and the pulp. This 
mechanism is not fully understood. It has been 
suggested that the odontoblasts with their pro- 
cesses might transfer sensory impulses to the 
nerves in the pulp, and the relationship that ex- 
ists between nerve endings and odontoblasts 
may in fact be comparable to cell interactions in 
other sensitive areas of the organism, for in- 
stance, in taste buds and certain areas of the 
skin. However, the close contact between the 
two cells might also exist simply because the 
odontoblast has a metabolic function. The odon- 
toblast-receptor theory has lost support in recent 
years and appears unlikely for several reasons, 
primarily because odontoblastic processes are 
not observed in the peripheral parts of the den- 
tin. Also, there is evidence that a dental hyper- 
sensitivity reaction will not subside in teeth 
where the odontoblasts have been destroyed. 

Current research appears to support the hy- 
drodynamic theory, which explains dental hy- 
persensitivity on the basis of mechanical stim- 
ulation of nerves in the circumpulpal dentin and 
peripheral pulp, resulting from rapid fluid flow 
in the dentinal tubules caused by pain-provok- 
ing irritants. It is known that under certain con- 
ditions tissue fluids from the dentinal tubules 
may seep onto an exposed dentinal surface. The 
lost fluids in the dentinal tubules will then be 
replaced by fluids from the pulp. Allegedly, this 
fluid movement may occur with considerable 
speed (2-4 mm/s), so that if the dentinal tubules 
were emptied, they would fill up again in about 
1 second. A number of experiments have been 
carried out to determine whether fluid move- 
ment actually occurs in the dentinal tubules as 
a result of pain stimuli. A stream of air onto ex- 
posed dentin, for instance, will lead to an out- 
ward fluid movement in the exposed tubules; it 
has been calculated that the content of the tu- 
bules at the dentin-pulp border will move 5- 
1 0 \xm during the first second of the air blast. Sim- 
ilar results are observed when hypertonic solu- 
tions such as sugar are applied to exposed den- 
tin, and an outward movement occurs when 
blotting paper or certain materials known to 



cause pain are applied to the dentin. Application 
of cold, either to exposed dentin or to an intact 
tooth, causes the same fluid movement, pre- 
sumably because the contents of the tubules 
contract and the tubules fill up with fluids from 
the pulp. A lowering of the temperature at the 
tooth surface of 20 °C results in a fluid move- 
ment at the pulp-dentin border of the same 
magnitude as is caused by a 1 -second air blast. 
The influence of heat is apparently more com- 
plicated. Applying dry heat to exposed dentin 
causes evaporation of fluid on the surface and 
an outward fluid movement. On the other hand, 
if warm water is applied to exposed dentin or 
to an intact tooth, it causes the content of the 
dentinal tubules to expand, resulting in a fluid 
movement in the tubules toward the pulp. 

Thus, many stimuli known to elicit pulpal 
pain appear to cause movement of the fluids in 
the dentinal tubules, and if rapid enough, the 
fluid movement will mechanically stimulate 
nerve endings. This theory offers a simple and 
understandable mechanism for the elicitation of 
pain, and it appears physiologically acceptable. 
However, the evidence supporting the theory is 
still inconclusive. For instance, it has not been 
possible to show that mechanical irritation of 
exposed dentin, like probing with an explorer, 
which may cause excruciating pain, results in 
fluid movement in the dentinal tubules. 

The symptoms due to dental hypersensitivity 
are usually sharp and lancinating and they 
quickly subside when the external irritation has 
stopped. This means that episodes of pain due 
to dental hypersensitivity as a rule are of short 
duration. However, if, for instance, a sucrose- 
containing food somehow remains in a carious 
lesion of a tooth for a period of time, a pain re- 
action may persist until the sugar has dissolved 
or been removed. In such instances, pain due to 
dental hypersensitivity may mistakenly be diag- 
nosed as being due to a symptomatic pulpitis 
and endodontic treatment or, worse, extraction 
of the tooth may be carried out. 

Symptomatic Pulpitis 

As a rule, pulpal inflammation is asymptomatic 
(Fig. 3.2). It may persist as a painless local reac- 
tion in the coronal pulp for considerable time, 
sometimes for years if the external irritation is 
mild. However, if untreated, the inflammation 
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will spread in an apical direction, and the pulp 
may become totally necrotic and an apical pe- 
riodontitis may develop without any sensation 
on the part of the patient at any time during the 
progression of the disease. Clinically, therefore, 
pulpal pathosis in most instances is diagnosed 
during routine dental examinations and not as a 
result of episodes of symptomatic pulpitis. 

Thus, it is not possible to determine the type 
and severity of pulpal damage by the absence or 
presence of clinical symptoms. The first condi- 
tion for becoming a good diagnostician, there- 
fore, is to accept that endodontic symptomatol- 
ogy usually plays only a minor role in making a 
correct clinical diagnosis. Adequate knowledge 
about etiology and pathogenesis of inflamma- 
tion in the pulp and adjacent tissues is in most 
instances far more important. For example, if a 
child has suffered an injury and presents with a 
complicated crown fracture within half an hour 
of the accident, the pulp of the traumatized 
tooth will not be inflamed, regardless of the 
presence or absence of pain. It is equally definite 
that if this patient presents 1 week after the pulp 
was exposed, the pulp will be inflamed or even 
necrotic, regardless of whether symptoms are 
present or not. In these instances we arrive at 
different clinical diagnoses and choose radically 
different therapies (pulp capping in the first in- 
stance; pulpectomy or root canal treatment in 
the second), without letting the presence or ab- 
scence of symptoms influence us at all. 

However, symptoms are sometimes the only 
reason that pulpal pathosis is detected, and it is 
important to understand as much as possible 
what different symptoms may mean. This un- 
derstanding is especially important when it is 
difficult to locate an aching tooth. In such in- 
stances it may be possible with certain exami- 
nation methods to get the involved tooth to re- 
act differently from its neighboring teeth, and 
thereby arrive at the correct clinical diagnosis. 

Symptomatic pulpitis may be an acute pulpi- 
tis, but most often it is an exacerbation of a 
chronic inflammation in the pulp. Whereas den- 
tal hypersensitivity is generally due to stimula- 
tion of rapid-responding A-fibers in the pulp, a 
symptomatic pulpitis is associated with slower- 
reacting C-fiber activity as well. The symptoms 
are not caused by the presence of inflammatory 
cells per se, and it is not understood why a long- 
standing asymptomatic pulpitis all of a sudden 
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Fig. 3.2 Pulpal pain is commonly described as 
intolerable and unbearable. However, in by far the most 
instances, pulpitis persists and progresses without pain 
or other symptoms 



and often without apparent provocation may 
begin to elicit pain. Also, it is not known why the 
pain from a pulpitis is usually not continuous, 
but may disappear as suddenly as it began. An 
increase in local pressure is probably necessary 
for eliciting pain in pulpitis. This may be pro- 
voked by external irritation or by intrapulpal 
changes causing vasoactive agents to produce 
additional vascular permeability. When a clini- 
cal exacerbation is a reality, pain-producing in- 
flammatory mediators may have both a direct 
effect on the nerve endings causing pain, and an 
indirect effect, lowering the pain threshold and 
increasing the pain from external stimuli. A re- 
cent finding is that bacterial activity as such may 
cause pain. Thus, it is known that Porphyrom- 
onas gingivalis releases potent proteases which 
may cause the release of bradykinin in the tis- 
sue. 

Clinically, patients may characterize pulpal 
pain as sharp, dull, heavy, intermittent, contin- 
uous, throbbing, diffuse, or grinding. In other 
words, pulpal pain may be felt in many different 
ways. Many attempts have been made to relate 
the type of pain to the degree of tissue damage 
in the pulp. Histopathological and clinical no- 
menclature have, therefore, been combined, re- 
sulting in a number of descriptions and diag- 
noses. The diagnosis acute serous pulpitis, for ex- 
ample, has traditionally meant that the patient 
had pain (acute), that the pulp is inflamed (pul- 
pitis), and that as yet no abscesses have formed 
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Table 3.1 Evaluation of clinical diagnosis by histologic evidence (Baume 1 970) 



Histopathologic condition 

Presumptive No, — — — 

clinical of Initial inflammatfon Acute Chronic Abscess Necrotic Confirmed 

diagnosis cases (Vascular changes only) inflamm. inflamm, formation changes diagnosis 

(%) 



Hyperemia 


26 


6 


6 




14 




23 


Serous pulpitis 


51 


14 


10 


1 


22 


4 


20 


Chronic pulpitis 


9 




2 


1 


6 




11 


Suppurative pulpitis 


20 




8 


2 


6 


4 


30 


Total 


106 


20 


26 


4 


48 


8 


22 



in the pulp (serous). Clinically, it has been as- 
sumed that this condition is present when a 
tooth is especially sensitive to cold and when 
the pain persists for some time after the cold 
stimulus is removed. Similarly, acute suppura- 
tive pulpitis meant that an abscess has formed 
in the pulp. Clinically, heat would supposedly 
increase the pain in a tooth with this diagnosis 
and cold would cause relief. Numerous studies 
have shown that the alleged relationships be- 
tween symptoms and the actual state of the 
pulp at best exist in about 20% of the teeth (Ta- 
ble 3.1). Such a diagnostic system, therefore, is 
meaningless and confusing and should not be 
used. The only way to determine the actual state 
of the pulp is to examine the tissue in the labora- 
tory after extirpation of the pulp or extraction 
of the tooth. 

Still, if the goal is somewhat less ambitious, 
pulpal pain may provide important information, 
often decisively determining diagnosis and 
treatment of a tooth. Four features of pulpal pain 
are especially important: the intensity of the pain, 
its duration, whether it occurs after stimulation 
(provoked) or spontaneously (unprovoked), and 
whether it occurs repeatedly. Thus, severe, ir- 
reversible inflammation should be suspected 



when a patient has intense and continuous pain. 
Similarly, spontaneous pain usually indicates 
the presence of severe and irreversible pulp pa- 
thosis. Anamnestic information about repeated 
attacks of pain over a long period of time will 
also give reason to suspect serious pulp damage. 
Thus, intense, long-lasting pulpal pain that has 
occurred repeatedly over a period of time is a 
rather definite indication of severe, irreversible 
pulpal inflammation. In addition, the tissue 
damage in the pulp is considered to be severe 
if the pain is provoked by heat only rather than 
by hot and cold stimuli or by cold only. 

This fairly imprecise knowledge about the 
meaning of pulpal symptoms may be used with 
advantage in diagnostic tests (see p. 77). If a 
tooth reacts to a thermal stimulus and the pain 
disappears when the stimulus is removed, the 
pulp may be inflamed, but the pain may also be 
due to a hypersensitivity reaction. However, if 
the pain persists for some time after the stimu- 
lation, there would be more reason to suspect 
pulpal inflammation. Only remember that the 
severity of the damage to the pulp cannot be de- 
termined with such tests and, most importantly, 
that in by far the most instances even severe ir- 
reversible pulpitis is free of symptoms. 



Periapical Pain 




Symptomatic Apical Periodontitis toms occur, they may be caused by acute inflam- 

mation, but more often are due to an exacerba- 
Like pulpal inflammation, apical periodontitis as tion of a chronic apical periodontitis. The most 
a rule is asymptomatic (Fig. 3.3). When symp- dramatic symptom is pain which starts sponta- 
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neously, initially mildly, and then gradually in- 
creases. The pain is continuous, and may be 
heavy and grinding. Especially at first it may be 
difficult or even impossible to differentiate be- 
tween pulpal and periapical pain. The diagnosis 
must then be made based on other clinical find- 
ings, first and foremost on whether or not the 
pulp is vital. 

Tenderness of the tooth is usually the patient's 
first complaint. The tooth feels high and tender 
to biting or percussion because edema in the 
periodontal ligament presses the tooth out of its 
socket. The edema may also cause abnormal mo- 
bility of the tooth, and, over time, tenderness 
and swelling (collateral edema) in the mucosa 
over the apex of the tooth. Also, the regional 
lymph glands may be swollen and tender. 

If the acute episode or exacerbation is severe, 
a purulent breakdown of the periapical tissues 
may occur. The pain is strong and intense as long 
as the pus is enclosed in the periodontium and 
bone, and the very strongest when the exudate 
is located subperiostally because of the rich in- 
nervation of the periosteum. The breakthrough 
of the periosteum by the purulent exudate in 
most regions is recognized by a dramatic relief 
of pain. Now the patient may see a dentist be- 
cause of a swollen face and not so much because 
of the pain. The swelling is most often due to 
edema of the loose connective tissues of the 
maxillofacial region. If the infection spreads fur- 
ther, a purulent inflammation of the tissues may 
develop. This condition is commonly referred to 
as cellulitis (Fig. 3.4) and is frequently combined 
with general symptoms of illness. A fever of 
102-1 04 °F (39-40 °C) is not uncommon. 

As with symptomatic pulpitis, the actual trig- 
ger mechanism of acute apical periodontitis or 
a symptomatic episode of a chronic periapical 
inflammation is not known. In general terms it 
may be inferred that the symptoms are due to 
a change in the quantity or quality of the irri- 
tants or a decrease in the patient's resistance to 
the irritants, or any combination thereof. There 
is some evidence to tie the presence of certain 
bacteria to the occurrence of periapical symp- 
toms. Especially Porphyromonas and Prevotella 
species are of interest in this regard, but also 
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Fig. 3.3 Apical periodontitis is as a rule asymptomatic. 

When symptoms occur, they may be caused by acute 
inflammation or, most often, by an exacerbation of a 
chronic apical periodontitis 



Peptostreptococcus and other organisms have 
been associated with painful apical periodonti- 
tis. However, since it has also been shown that 
these bacteria may be present in asymptomatic 
periapical lesions, a clear-cut relationship be- 
tween the presence of specific bacteria and peri- 
apical symptoms is not obvious at this time. 




Fig. 3.4 Patient with facial swelling of endodontic 
origin. The local pain had largely subsided, but the 
patient felt sick and her body temperature was 
elevated 
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Oral and Perioral Pain of Endodontic Interest 





Fig. 3.5 Abscess in marginal area of the periodontium 



A wide variety of pain conditions in the oral and 
perioral region are of endodontic interest from 
a differential-diagnostic point of view. Most of 
these conditions are rare and the dentist cannot 
be expected to have detailed knowledge about 
many of them. The most commonly occurring 
diseases are discussed in the following sections. 

Periodontal Diseases 

Inflammation of the gingiva and the marginal 
periodontium, apart from a possible localized 
soreness, is symptomless, probably because of a 
continuous drainage through the sulcus. How- 
ever, occasionally an abscess develops from a 
periodontal pocket. Usually this abscess is local- 
ized in the marginal area of the periodontium 
and is readily recognized (Fig. 3.5). However, on 
occasion the exudate is more widespread, so 
that the swelling takes on the appearance of an 
abscess that might have originated in the apical 
periodontium. Conversely, a periapical abscess 
may sometimes drain alongside the root with a 
fistula ending in the sulcular area. This situation 
may remind one of severe periodontal disease 
in that the fistula may mimic a deepened pocket 
(see p. 46). 

Sensitivity testing of the tooth is the most im- 
portant procedure for arriving at the correct di- 
agnosis in these instances. If the pulp is vital, we 
have a periodontal abscess. On the other hand, 
if the pulp is necrotic, chances are that the ab- 



scess is of endodontic origin (Fig. 3.6). Endodon- 
tic treatment should then precede any periodon- 
tal treatment and it will be clinically evident fair- 
ly soon whether or not the diagnosis is correct. 
Thus, a fistula may close, the gingival tissues will 
tighten up, and probing depth and tooth mobil- 
ity may decrease. A difficult diagnostic problem 
sometimes exists when a periodontal abscess, 
usually in the furcation area of a multi-rooted 
tooth, is superimposed on an asymptomatic api- 
cal periodontitis in that the symptoms may sug- 
gest an exacerbation of the periapical inflamma- 
tion (Fig. 3.7). Although endodontic treatment of 
the tooth is indicated, it will obviously have no 
effect on the symptoms from the periodontal ab- 
scess. A correct diagnosis is, as always, a prereq- 
uisite for correct treatment. 

Recently it has been shown that the bacterial 
flora of endodontic and periodontal abscesses 
differ in certain respects. Thus, in an endodontic 
abscess, the number of spirochetes is between 
0 and 10%, whereas in a periodontal abscess the 
spirochete count is about 40%. This difference 
can be readily detected in the dark field micro- 
scope and can be used with advantage for dif- 
ferential-diagnostic purposes. 

Other diseases of the periodontium that 
should be mentioned are acute necrotizing ulcer- 
ative gingivitis (Vincent's infection) and peri- 
coronitis. In addition to general symptoms of ill- 
ness, Vincent's infection is characterized by 
necrosis and ulceration of the papillae and mar- 
ginal gingiva and is rather readily recognized. 
Pericoronitis is an inflammatory condition that 
most often occurs in conjunction with compli- 
cated eruption of the third molars of the man- 
dible. The pain may be excruciating and is com- 
monly accompanied by trismus. 

Infection of Cysts and Salivary Glands 

The cysts of the jaws like periodontal cysts, den- 
tigerous cysts, incisive canal cysts, and globulo- 
maxillary cysts may become infected with re- 
sultant abscess formation and swelling. These 
conditions may appear to be of endodontic ori- 
gin. The most important differential-diagnostic 
test is to determine the vitality of the teeth in 
the involved area. 
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Fig. 3.6 a Abscess in marginal area of second molar. 

b Radiograph of tooth in a with apical and interradicular 
periodontitis, c Two weeks following initiation of 
endodontic therapy with complete debridement of 




d 



root canals and calcium hydroxide trestment. The 
periodontal abscess has resolved, d After 3 months 
with calcium hydroxide treatment and obturation of 
root canals, complete healing is observed 



Swelling of the major salivary glands may 
sometimes be mistaken for cellulitis of endo- 
dontic origin (Fig. 3.8). The swelling may be due 
to accumulation of saliva because of an obstruc- 
tion of the duct, usually by salivary stones. This 
type of swelling occurs especially at meal times 
and may or may not be associated with pain. 
Continued obstruction of the duct will lead to in- 
flammation of the gland because of invasion of 
bacteria. Exacerbations of the inflammation 
with purulent breakdown, abscess formation, 
and swelling will occur at certain intervals. This 
condition may be mistaken for an endodontic in- 



fection, but careful examination of the teeth and 
surrounding areas with sensitivity and percus- 
sion tests should rule this out and point one in 
the right direction. 

Sinusitis 

Sinusitis, especially maxillary sinusitis, is prob- 
ably the most common extraoral cause of pain 
in patients seeing a dentist. The patient normally 
complains about toothache in several or all teeth 
that have roots in contact with the sinus floor. 
The pain is constant, often relatively mild, but 
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Fig. 3.7 a Radiograph of a mandibular first molar 
extremely tender to percussion. Based on the clinical 
and radiographic findings, symptomatic apical 
periodentitis was diagnosed. Endodontic instru- 
mentation provided no relief, and an additional 
examination revealed a periodontal abscess in the 




furcation area superimposed on the large endodontic 
lesion. Drainage of the furcation provided immediate 
relief, b Radiograph after 6 months of calcium 
hydroxide treatment. At this time with complete 
periapical healing, the furcation lesion of periodontal 
origin is visualized 




Fig. 3.8a Patient with facial 
swelling because of an infec- 
tion of the parotid gland, b 

Intraorally, pus is seen emerg- 
ing from the salivary duct 



irritating, and may on occasion become ex- 
tremely severe. The patient will usually indicate 
that the teeth are too long and painful when bit- 
ing. The teeth may be sensitive to percussion 
and, most importantly, hypersensitive to cold. 
Sometimes it is difficult to differentiate between 
pain from a sinusitis and pulpal pain. It is then 
important to remember that in patients with si- 
nusitis almost without exception several adja- 
cent teeth are involved. In addition, there are of- 
ten extraoral symptoms such as tenderness in 
the bone above the sinus, increased pain when 
leaning forward quickly, and headache from the 
frontal sinuses. 



Temporomandibular Joint Dysfunction 
Syndrome 

The symptoms associated with this syndrome 
vary considerably. However, they are of a re- 
gional nature and patients with temporoman- 
dibular joint (TMJ) problems may persistently 
claim that the pain they are experiencing is com- 
ing from the teeth. TMJ pain is always localized 
to the upper jaw. It is not as intense as advanced 
pulpalgia or pain from periapical inflammation, 
but has a chronic, long-standing character and 
is, therefore, quite irritating. Soreness and edema 
in the area of the joint may be evident and fre- 
quently movement of the mandible is limited. It 
is important to remember that most TMJ symp- 
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toms are due to stress or stress-related factors. 
Patients with these problems, therefore, often 
need medical attention. 

Trigeminal Neuritis 

Inflammation of the trigeminal nerve may cause 
pain of low to moderate intensity. The causes of 
the condition are usually bacterial or viral infec- 
tions centrally in the nervous system, but local 
irritation may cause a neuritis as well. An exam- 
ple of the local type is the so-called nonpurulent 
exacerbation that may occur during endodontic 
treatment, probably due to over-instrumenta- 
tion or the use of toxic medicaments, or both. 
Clinically this is a rather undramatic condition 
since no abscess formation or swelling occurs 
and no exudate is seen in the root canal. How- 
ever, the pain is continuous and quite intolera- 
ble and will last for about 1 0 days. The treatment 
can only be palliative, and a moderate analgesic 
therapy should be instituted. 

Herpes zoster neuritis is an infectious viral dis- 
ease of an extremely painful and incapacitating 
nature and may involve the face and mouth by 
infection of the trigeminal nerve. Sometimes the 
patient localizes the pain to a quadrant of a jaw 
or even a single tooth. The diagnosis may be dif- 
ficult since possible vesicles or blisters in the 
mouth may develop several days after the onset 
of the pain. If herpes zoster neuritis is suspected, 
the patient should be referred to a neurologist. 

Chronic Neurogenic Pain 

The pain conditions discussed above were all 
normal physiological reactions to injury or dis- 
ease, i. e., the patients suffered from acute pain. 
Acute pain may be regarded as a warning system 
of the body to prevent further injury. It is self- 
limiting and stops when the cause of the pain is 
removed. 

Chronic pain on the other hand, typically per- 
sists after removal of the cause of the pain. 
Chronic pain may be due to intense and long- 
lasting stimulation of peripheral pain receptors 
resulting in the development of dysfunction in 
the nervous system or to central neuroplastic 
changes without peripheral injury or disease. 
After a few months, chronic pain will as a rule 
have a psychogenic component A chronic pain 
condition is today accepted as a disease in itself. 



The dental nerves undergo changes that may 
lead to the development of chronic neurogenic 
pain. Thus, the first deafferentation occurs al- 
ready when the primary teeth are lost. Then 
there is a relatively stable period, but in midlife 
most individuals will have alterations/injuries of 
the dental nerves both peripherally and central- 
ly because of trauma, extraction of wisdom teeth 
and other teeth, caries and periodontitis (infec- 
tion), and endodontic treatment. Ten thousand 
somato-sensoric nerve fibres (pain receptors) 
enter the pulp of a single-rooted tooth through 
the apical foramina. This means that when a 
pulpectomy is performed in a maxillary molar, 
some 30 000 nerve fibres are transsected. More- 
over, when the pulp of a molar tooth necrotizes, 
some 30 000 nerve endings become necrotic. 
Logically, these peripheral insults to the nerve 
should have an effect more centrally in the nerv- 
ous system, and animal experiments have 
shown that the corresponding central neuron 
shows an increase in activity and receptive area 
up to 1 year following endodontic treatment. In 
clinical follow-up studies it has been found that 
as many as 5 % of patients receiving endodontic 
treatment may develop a chronic neurogenic 
pain condition. 

Chronic neurogenic pain may be paroxysmal 
(neuralgia) or continuous. Patients suffering 
from trigeminal neuralgia may see a dentist be- 
cause the pain is felt in the jaws, especially the 
maxilla, in spite of the fact that it derives from 
intracranial causes. Often the pain appears to be 
localized in one tooth or several teeth, or, typi- 
cally, the pain may be released by touching the 
skin or mucosa in the vicinity of a tooth {trigger 
zone). Typical for the symptoms associated with 
trigeminal neuralgia are attacks of pain with a 
duration from 10 s to 2-3 min. The pain reaches 
a maximum intensity instantly and decreases af- 
ter 20-30 s. After an attack, there is a pain-free 
period when a new pain attack cannot be re- 
leased {refractory period). This phenomenon is 
an important differential-diagnostic criterion 
and quite characteristic for the condition. Pa- 
tients who are suspected of suffering from 
trigeminal neuralgia should be referred to a neu- 
rologist. 

The continuous neurogenic pain is commonly 
referred to as neuropathic pain. Neuropathic 
pain occurs when a multireceptive neuron low- 
ers its threshold for activation, either spontane- 



74 3 Endodontic Symptomatology 



ously or after long-lasting and intense pain stim- 
ulation. The neuron loses its ability to differen- 
tiate between different stimuli like pressure, 
touch, temperature, and pain, and all stimula- 
tion will be interpreted as pain. The pain will 
then be sustained by the normal tone of the 
nerve fibers. As appears from the above, trigem- 
inal neuropathic pain may begin spontaneously 
in central neurons without peripheral stimula- 
tion. Still the pain may be projected to a definite 
area of the mouth, most often a tooth, and al- 
though a thorough clinical and radiographic ex- 
amination shows no signs of disease in the pain- 
ful area, the patient will be absolutely convinced 
that the pain is coming from that area. Even 
though irreversible therapy should not be car- 
ried out based on a diagnosis of pain only, the 
actual situation may become so unclear and dif- 
ficult that pulp extirpation or extraction of a 
tooth is carried out. This type of treatment will 
intensify the central neuroplastic changes and 
lead to an increase in the size of the peripheral 
receptive area so that neighboring teeth may 
hurt as well. A pathological interaction with the 
autonomous nervous system may occur and give 
symptoms like redness, swelling, tears, stuffy 
nose, etc. that easily may be misinterpreted as 
signs of local inflammation. The hunt for a pe- 
ripheral cause of the pain may then continue. 

However, local, peripheral injury or disease as 
well as treatment of the peripheral condition 
with long-lasting nociseptive pain may also give 
rise to neuroplastic changes that again may lead 
to chronic neuropathic pain. It is then important 
to understand that the pain will persist even if 
the original, peripheral cause of the pain is re- 
moved. Repeated endodontic and surgical inter- 
ventions may only make the situation worse. 

The symptoms in patients with trigeminal 
neuropathic pain may offer difficult differen- 
tial-diagnostic problems, even if one is familiar 
with the condition. Also, it is difficult or down- 
right impossible for these patients to accept 
that no invasive therapy can correct their prob- 
lem. They regularly develop into "doctor hop- 
pers" in an attempt to get relief. As a result they 
become amazingly familiar with professional 
terminology, the symptomatology of oral dis- 
eases, and likely therapeutic measures. After a 
while, therefore, it is difficult to get a reliable 
history from patients with neuropathic pain, 
and many times useless irreversible therapy is 



performed because the patient is able to fool the 
dentist. Patients with chronic neurogenic pain 
should be referred to a neurologist or preferab- 
ly to a clinic specializing in the treatment of 
chronic pain. 

Referred pain 

In some instances pain may be localized to an 
area from which it does not originate. This is 
called referred pain. There are many such pro- 
jection areas in the mouth and face, probably 
due to the fact that the trigeminal, facial, glos- 
sopharyngeal, and vagus nerves pass closely to- 
gether. 

Referred pain is commonly seen in the teeth. 
Typically, a well-developed pulpalgia may fail to 
localize in the offending tooth, but instead radi- 
ate to other teeth, often in the opposite jaw, or 
to various areas in the head and neck. A well- 
known example is pain originating in a mandib- 
ular molar which is referred to the ear. 

The teeth are sites for referred pain from in- 
fections and tumors as well as many vascular 
and muscular conditions in the head and neck. 
Thus, certain forms of migraine can give pro- 
jections that cover part of the face and there- 
fore can be suspected to be of dental origin. 
However, the history usually gives information 
that points to the correct etiology. Characteris- 
tically, migraine pain begins suddenly and lasts 
for a few hours. As a rule, the patient will not 
be able to see a dentist until the pain attack is 
over. 

On occasion thoracic viscera such as the heart 
may refer pain to the teeth. The pain is usually 
associated with angina pectoris and the patients 
will normally have other symptoms which may 
aid in the diagnosis such as chest pain and pain 
in the left arm. However, cases have been re- 
ported in which pain that was diagnosed as be- 
ing of pulpal origin was the first and only symp- 
tom of an impending heart attack. Usually the 
pain referred from the heart affects teeth of the 
lower left mandible. However, the pain may also 
be referred to the maxilla and even to teeth on 
the patient's right side. Thus, if other symptoms 
of angina pectoris are not obvious, these pa- 
tients present with an extremely difficult diag- 
nostic problem. Our reward if we are able to ar- 
rive at the correct diagnosis is that we may be 
instrumental in saving the patient's life. 
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4 Endodontic Examination and Diagnosis 



As was mentioned above, as many as 90% of pa- 
tients with oral or maxillofacial pain should be 
examined for endodontic diseases. A correct di- 
agnosis is arrived at by combining information 
from the patient and sometimes the patient's 
physician with the actual clinical findings. Al- 



though the diagnosis may often appear obvious 
and straightforward, the clinical examination 
should always be thorough and systematic. Only 
then can the dentist's knowledge and clinical ex- 
perience be fully utilized. A good chart system 
is invaluable in this regard. 



History 



Taking the history is an important part of the 
clinical examination, often giving information 
that immediately points to the patient's illness. 
Since there are virtually no systemic contraindi- 
cations to endodontic treatment, the medical 
history can normally be short and of a summary 
nature. However, it is necessary to form a pic- 
ture of the general health of the patient, and not 
infrequently this information will contribute di- 
rectly to the dental diagnosis. The following 
questions must be included in a medical history: 
Do you have heart problems? 
Are you allergic to anything? 
Are you diabetic? 

Have you been infected with hepatitis or HIV? 
Are you taking any medication at the moment? 
What is your physician's name, address, and 
phone number? 



Depending on the patient's answers, the history 
will develop in as great a depth as is deemed 
necessary. Do not hesitate to call the patient's 
physician for information, and with obviously 
sick patients it is advisable to treat them with 
the knowledge of and in cooperation with their 
physicians. 

The dental history should identify the reason 
why the patient is seeking dental care {chief 
complaint). First the patient must be allowed to 
describe this reason in his own words. Afterward 
the dentist asks necessary leading questions to 
expand on the information given by the patient. 
During the interview the patient usually re- 
members additional information and a rather 
complete picture of the patient's problem will 
develop. 



Clinical Examination 



The clinical examination begins with an ex- 
traoral inspection while taking the patient's his- 
tory. The examination is then extended to the 
area the patient has referred to in the history 
and to adjacent and contralateral areas. One 
quick glance may be enough to arrive at the di- 
agnosis and to decide on appropriate therapy. 
For example, a tooth may be so damaged by car- 
ies that a remaining root rest will have to be ex- 
tracted. Other times visual findings like caries, 
discolorations, swellings, fistulae, etc. may lead 
to other considerations. The clinical examina- 



tion then continues with the aid of a mirror, ex- 
plorer, periodontal probe, and other instru- 
ments and devices as found to be practical or 
necessary for a general oral/dental examination. 

Percussion and Palpation Tests 

The percussion test is a simple but extremely 
useful examination method which is used to as- 
certain an inflammatory condition in the apical 
periodontium of a tooth. The handle of a hand 
instrument, usually a mirror, is used to tap on 
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the teeth in a vertical direction. A tooth with 
symptomatic apical periodontitis will then be 
more sensitive to the percussion than the con- 
tralateral or neighboring teeth. Only remember, 
healthy teeth may be somewhat sensitive to 
percussion as well and if the symptoms from an 
apical periodontitis are weak or uncertain, it is 
important to test several teeth repeatedly in no 
special order to ensure consistency in the obser- 
vations. Pulpal diseases cannot be revealed by 
means of the percussion test until the apical pe- 
riodontium is involved. On the other hand, a pe- 
riodontal abscess or even asymptomatic perio- 
dontal disease with severe loss of marginal bone 
may render teeth tender to percussion. How- 
ever, such teeth will react mostly to horizontal 
percussion, i. e., percussion perpendicular to the 
long axis of the tooth and less to vertical per- 
cussion like endodontically involved teeth. The 
percussion test is the examination method that 
will first give clinical indications of an apical per- 
iodontitis. 

Palpation is performed to ascertain tender- 
ness, swelling, fluctuation, hardness, and crepi- 
tation in underlying tissues. Here again it is im- 
portant to make comparative examinations of 
neighboring and contralateral areas. Intraorally 
the palpation test preferably is carried out with 
the tip of an index finger. Sometimes and in spe- 
cial areas like the floor of the mouth it may be 
practical to use the index finger on both hands. 
During extraoral palpation of lymph nodes, 
swellings, sinus, and tempero-mandibular joint 
areas, etc., two to three fingers on one or both 
hands are used. The palpation test may be very 
useful during an endodontic examination and its 



usefulness will only increase with increasing 
skill and clinical experience. 

Sensitivity Tests 

Sensitivity tests are performed in an effort to de- 
termine whether the pulp of a tooth is vital or 
not. This test is often of crucial importance. The 
sensitivity of a tooth can be tested in many ways. 
Normally heat, cold, or electrical stimulation are 
used. With all test methods it is imperative that 
the tooth to be tested be clean and completely 
dry so that the possibilities for conduction of the 
stimulus to nerves of the gingiva and the perio- 
dontal ligament are minimized. For a heat test, 
temporary stopping (gutta-percha) may be used. 
It is heated over an alcohol flame and with a 
plastic instrument applied with slight pressure 
to assure good contact to the incisal edge or to 
the buccal surface of the tooth away from the 
gingiva. It is immediately removed if the patient 
shows a reaction, otherwise it is left in place un- 
til it cools off. 

A cold test can be performed with ice, but 
more effective are frozen sticks of carbon diox- 
ide (-78 °C). Effective tests can also be carried 
out with a cotton pellet sprayed with difluorodi- 
chloromethane (DDM)(-50°C), which is imme- 
diately placed in good contact with the incisal 
edge or buccal surface of the tooth. The cotton 
pellet is removed if there is a reaction, or it is 
left in place until it has lost its effect. 

For electric sensitivity testing a special appa- 
ratus, an electric pulp tester, is required. The 
electric pulp tester is equipped with an elec- 
trode that is placed in contact with the tooth to 



Fig. 4.1 a Electric pulp tester in 
use. Since the dentist wears 
rubber gloves, the patient needs 
to touch the handpiece of the 
testing device to complete the 
electric circuit, b Test electrode 
in contact with the incisal edge 
of a tooth. Toothpaste is used to 
ensure good contact 



78 4 Endodontic Examination and Diagnosis 




Fig. 4.2 Vitality testing of contralateral teeth with a 
laser Doppler flowmeter. Curve to the left, vital pulp 
with blood circulation. Curve to the right, nonvital pulp 
without blood circulation 



be tested as described for the thermal tests (Fig. 
4.1). An electric current can then be supplied to 
the tooth through the electrode, and the current 
(or the voltage) is increased manually or auto- 
matically until the patient shows a reaction. The 
electrode is then immediately removed. Other- 
wise the test continues until maximum stimulus 
has been reached. 

The sensitivity tests are not always reliable 
and the results of these tests obviously have to 
be evaluated together with other findings and 
symptoms. The electric test is considered by 
many to be the least reliable method. However, 
this method has many advantages and an elec- 
tric pulp tester should be part of the armamen- 
tarium of every dental office. The main advan- 
tage of the electric test is that a specific value is 
obtained for the reaction threshold of the tooth. 
This value may then be used for the purpose of 
comparison between tests of different teeth and 
between repeated tests of a single tooth over 
time. This may be especially useful in the follow- 
up of traumatically injured teeth, but is gener- 
ally useful in all follow-up examinations of vital 
teeth. The use of electric pulp testers in patients 
with pacemakers is contraindicated. 

In instances when the noninvasive sensitivity 
test methods give inconclusive results, it will 
most often be possible to determine whether the 
pulp is vital or not by the preparation of a test 
cavity in the crown of the tooth and toward the 
pulp. The cavity is placed in a location so that it 
may later become the access cavity for root canal 



treatment of the tooth if the pulp is found to be 
necrotic. On the other hand, if there is a vital re- 
sponse from the tooth, the drilling is stopped 
and the test cavity is restored like any other cav- 
ity with a base and a filling material. The test 
cavity method is especially useful in teeth with 
crown restorations and the crown margins in 
contact with the gingival tissues. It may also be 
useful in young teeth with incompletely formed 
roots that respond erratically to all types of sen- 
sitivity tests, probably because the nerve supply 
to the pulp of these teeth is not sufficiently de- 
veloped. 

Recently efforts have been made to develop 
test methods which, rather than triggering a 
nervous response, aim at determining whether 
or not there is blood circulation in the pulp. 
Promising results have been obtained, for in- 
stance, with a laser Doppler flowmeter (Fig. 4.2), 
and it is to be hoped that such methods may im- 
prove our diagnostic acumen in the future. 

Provocation Tests 

Thermal stimulation may be of value in provok- 
ing symptoms from teeth with asymptomatic 
pulpitis. A rather common situation is a patient 
presenting with a history of toothache at night, 
often repeatedly over a period of time. At the 
time of the examination, however, the patient 
has no pain and no signs or symptoms point to 
a specific tooth. It may then be possible by ther- 
mal stimulation of the teeth in the area of the 
mouth indicated by the patient to detect the of- 
fending tooth. Both cold and heat stimulation 
may be used, although in most instances heat 
will be the most effective. The offending tooth 
may then be recognized because the provoked 
pain will remain for a period of time after the 
stimulation of the tooth has been discontinued. 

Anesthesia Test 

On occasion patients will present with symp- 
toms of pulpitis, sometimes severe, without any 
signs pointing to the offending tooth. Provoca- 
tion tests are usually not helpful in this situation 
since the pain is already strong and continuous. 
The patient is in agony and expects or even re- 
quests that something be done. Selective infil- 
tration of a local anesthetic solution may then 
be helpful. In recent years intra-ligament an- 
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esthesia has been used, because with this meth- 
od small amounts of anesthetic solution can be 
placed with great accuracy so that it conceivably 
affects the pulp of only one or two teeth. When 
the anesthesia test is used, the most distal tooth 
is anesthetized first and then one tooth at a time 
in a mesial direction until the pain goes away. 

Optical Tests 

Optical tests may be performed to determine the 
presence of cracks and incomplete fractures in 
the teeth. Coronal cracks may cause a variety of 
symptoms, depending on their location and ex- 
tension in the tooth, and they may be very dif- 
ficult to diagnose. The use of a strong local light 
source, most conveniently a fiber-optic light, 
may then be advantageous in that the crack will 
often effectively stop the penetration of the light 
through the tooth (Fig. 4.3). 

Dyes like iodine or plaque-disclosing solu- 
tions may also be applied to teeth with suspect- 
ed incomplete fractures. They should be applied 



under a rubber dam for a period of 5-6 minutes 
and as penetration into the crack occurs the 
crack is visualized. The diagnosis "cracked" or 
"incompletely fractured tooth" can then usually 
be verified by careful selective biting on a semi- 
hard object like a small wooden stick. 




Fig. 4.3 Vertical crack in a tooth visualized by means 
of strong light. The crack stops most of the light and 
thereby becomes visible 



Radiographic Examination 



Modern endodontic diagnostics rely heavily on a 
radiographic examination. Often the radiograph- 
ic findings determine the diagnosis outright. Re- 
member, therefore, that radiographic findings 
are not pathognomonic for a special disease or 
pathological condition. A radiolucent area at the 
apex of a tooth is normally a sign of apical peri- 
odontitis, but it may also be indicative of a ce- 
mentoma, a giant cell granuloma, various cysts, 
cancer metastases, and many other pathological 
and even normal conditions (see p. 54). The ra- 
diographic findings must, therefore, always and 
without exception be evaluated together with 
the findings of the clinical examination. 

Preferably, a long cone-parallelling technique 
should be used for periapical examination in or- 




der to obtain as true a radiographic orientation 
of the teeth and their supporting structures as 
possible. Moreover, a film holder that allows pe- 
riodic-comparable radiographs to be taken 
should be used. This is especially important in 
all follow-up examinations when recent radio- 
graphs are compared with films taken at previ- 
ous appointments (Fig. 4.4). 

The occlusal radiograph is sometimes valua- 
ble in endodontic diagnosis (Fig. 4.5). It provides 
a more extensive view of the jaws, especially the 
maxilla, and it is an invaluable aid in determin- 
ing the buccolingual extension of large periapi- 
cal lesions. The occlusal projection may be es- 
pecially useful in patients with traumatic inju- 
ries of their teeth and supporting structures. 



Tentative Diagnosis 




Sometimes the clinical and radiographic exam- ible treatment without a definite diagnosis. We 
inations are inconclusive and the patient is in still have to do our utmost to get the patient out 
pain. It is then important not to initiate irrevers- of pain and the correct procedure is to make a 
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Fig. 4.4 Series of radiographs 
taken with the long cone- 
parallelling technique and a film 
holder during endodontic 
treatment of a maxillary molar, a 
Preoperative radiograph, b Tooth 
length radiograph, c Master cone 
trial radiograph, d Postoperative 
radiograph. Maxillary molars are 
the most difficult teeth of which 
to obtain periodical-comparable 
radiographs. However, with a 
good technique, good results can 
be obtained 




Fig. 4.5 Occlusal radiographs of 
maxillary anterior teeth, a Exten- 
sion of a periapical lesion from the 
left central incisor is demonstrat- 
ed, b Extrusive and lateral dis- 
placement of incisors is visualized 



tentative diagnosis. Most often this situation oc- 
curs in patients who have taken good care of 
their teeth and have multiple restorations rather 
than untreated cavities, and most often it has 
been possible to identify the quadrant with the 
painful tooth. Guided mainly by the radiograph- 
ic findings (deepest restoration in quadrant, sus- 
picion of carious dentin under restoration, evi- 
dence of "sloppy" restorative work, etc.), the 
tooth from which the pain most likely originates 
is determined. All restorations in this tooth are 
then removed in order to inspect the cavity 



floors. Quite often in such instances, soft carious 
dentin or an old pulp exposure is found and the 
diagnosis is clear. However, it may also be that 
no further clinical observations are made. The 
cavity is then filled with zinc oxide-eugenol ce- 
ment, which has an excellent local anesthetic 
and sedative effect and will relieve even severe 
pulpal pain effectively (see p. 86). If necessary, 
one tooth at a time is treated this way until a 
definite diagnosis has been established and per- 
manent therapy can be performed. 
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Clinical Diagnosis 



As discussed above, in traditional endodontic di- 
agnostic terminology, great efforts were made to 
relate the actual (microscopic) state of the pulp 
to clinical signs and symptoms. As a result, tra- 
ditional endodontic diagnostic systems com- 



prised both histological and clinical terms (Table 
4.1). Today it is accepted that the degree of dam- 
age in an inflamed pulp cannot be determined by 
clinical means, but only after laboratory exami- 
nations of the tissue (Table 3.1). Below, a simple 



Table 4.1 Clinical diagnostic systems as presented in textbooks on endodontics 
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and practical clinical diagnostic system that uti- 
lizes only clinical terminology is presented. 

Healthy Pulp. This diagnostic term implies 
that the pulp is vital and presumably free of in- 
flammation. The diagnosis is used, for example, 
when endodontic treatment of an intact tooth is 
indicated for prosthetic or other reasons, or du- 
ring the first hours after a traumatic injury of a 
tooth with coronal fracture and pulp exposure. 

Pulpitis. This diagnostic term implies that the 
pulp is vital and inflamed. The diagnosis says 
nothing about the degree of damage in the pulp 
or whether the inflammation is reversible or ir- 
reversible since this information cannot be ob- 
tained by clinical means. Although it normally 
has little bearing on the choice of therapy, it can 
be of value to know if a patient had symptoms 
or not when the treatment was initiated. It is, 
therefore, practical to have two clinical diag- 
noses for the inflamed pulp. 

Symptomatic pulpitis. This diagnostic term 
implies that the pulp is vital, inflamed, and that 
the patient has symptoms of pulpitis. While 
symptomatic pulpitis can be acute, it is normally 
an exacerbation of a chronic inflammation in the 
pulp. 

Asymptomatic pulpitis. This diagnostic term 
implies that the pulp is vital and inflamed and that 
the patient has no symptoms. The diagnosis is 
made on the basis of our knowledge of the etiol- 
ogy of pulpal inflammation and the reaction pat- 
tern of the pulp. A typical example of when this 
diagnosis should be used would be a vital, asymp- 
tomatic tooth with a carious pulp exposure. 

Necrotic pulp. This diagnostic term implies 
that the pulp is nonvital or necrotic. This condi- 
tion may be suspected when there is a negative 
reaction to sensitivity tests, but the diagnosis can 
be made with certainty only after inspection of 



the root canal space. The pulp necrosis can be 
partial or total, which can be of significance for 
the choice of therapy. 

Apical periodontitis. This diagnostic term 
implies a pulp-related inflammation in the apical 
periodontium. The inflammation can be limited 
to the periodontal ligament, but normally in- 
volves the root cementum and dentin and the 
alveolar bone {apical granuloma, cyst). 

Symptomatic apical periodontitis. This diag- 
nostic term implies that the periapical inflam- 
mation begins with an acute phase or that an 
exacerbation of a chronic apical periodontitis 
occurs. In instances of acute periapical inflam- 
mation, radiographic changes will not be evi- 
dent. 

Asymptomatic apical periodontitis. This di- 
agnostic term implies that the apical periodon- 
titis has developed without symptoms. The con- 
dition may be suspected when the pulp is 
necrotic, but the diagnosis can only be made 
after radiographic examination showing a radi- 
olucent (in rare instances radiopaque) area at 
the apex of the tooth. 

Apical periodontitis with abscess. This diag- 
nostic term implies that the periapical inflam- 
mation has caused a purulent breakdown of 
periapical tissues with accumulation of pus and 
abscess formation in the periodontium, subpe- 
riostally, submucosally, or subcutaneously. 

Apical periodontitis with fistula. This diag- 
nostic term implies that periapical exudate dis- 
charges onto a body surface, establishing a fis- 
tula with periapical drainage. 

The terms "lateral" or "interradicular" are sub- 
stituted for "apical" when the periodontitis is on 
the side of the root or in the furcation area of a 
multirooted tooth. 
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5 Treatment of Teeth with Vital Pulp 



Endodontic Aspects of Restorative Procedures 





Fig. 5.1 Extremely deep cavity prepared with 
ultraspeed, low-torque equipment, a sharp bur, and an 
abundance of water. The cavity was restored with a 
calcium hydroxide base and amalgam. After 30 days, 
a healthy pulp and only the slightest amount of 
secondary dentin formation attest to the in- 
nocuousness and safety of the method 



As was discussed in the chapter on the etiology 
of pulpal inflammation (see p. 21 ), operative and 
restorative procedures may have harmful influ- 
ences on the pulp. The pulpal changes may be 
irreversible and result in pulp necrosis. Milder 
iatrogenic irritation may cause symptoms of 
dental hypersensitivity which can be extremely 
troublesome for the patient for shorter or longer 
periods of time. 

Postoperative discomfort can most often be 
prevented if accepted biological principles are 
adhered to during the treatment of the patient. 
The measures to prevent pulpal complications 
are simple and straightforward and can be easily 



incorporated into routine restorative tech- 
niques. In the following sections, simple guide- 
lines are given. 

Cavity and Crown Preparation 

Cavity and crown preparation should be carried 
out with ultraspeed (> 200 000 rpm), low- 
torque equipment, sharp burs, and an abun- 
dance of water. This technique is amazingly safe 
and cavities may be prepared to the immediate 
vicinity of the pulp, virtually without any chang- 
es or reaction in the pulp tissue (Fig. 5.1). Re- 
member that it is the use of an adequate water 
spray that is the key to the safety of the ultraspeed 
equipment since only water can prevent a dehy- 
dration of the dentin by the otherwise unavoid- 
able friction heat generated during the prepara- 
tion of the tooth (Fig. 5.2). Only at 3000 rpm or 
lower should a bur be used without water in a 
dry cavity. This is useful during excavation of 
soft carious dentin in deep cavities. For this pur- 
pose and at this speed it may also be practical 
to use a high-torque handpiece since, with this 
equipment, a bur will excavate the soft carious 
dentin rather than cut it as might be the case if 
used with a low-torque handpiece. 

Other than for detail work at low speed, high- 
torque handpieces should preferably not be used 
in the preparation of cavities or crowns. The high 
torque inevitably leads to a certain vibration of 
the bur which again may cause internal bleeding 
in the pulp. The blood may even flow into the 
dentinal tubules, coloring part of the crown or 
the entire crown red (Fig. 5.3). It is not clear at 
this time whether such an injury is reversible or 
not. However, infection of the blood clot is a 
likely occurrence, and especially if the tooth in 
question is to serve as an abutment for a bridge, 
it is common clinical practice to perform a 
pulpectomy and root filling on the tooth before 
the bridge is cemented. 

Moreover, a bur may vibrate or rotate eccen- 
trically if it has become bent. This happens quite 
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Fig. 5.2 Ultraspeed, low-torque handpiece with a bur 
running freely at full speed. The water is adjusted to hit 
the head of the bur. It is then dispersed by the rotation 
of the bur. 




Fig. 5.3 Teeth being prepared as bridge abutments. In 

the middle tooth the coronal dentin is colored red due 
to intrapulpal bleeding. 



often, for instance, if care is not taken when a 
bur is introduced into a friction-grip handpiece. 
Therefore, even with the use of low-torque 
equipment one has to check regularly that the 
bur runs concentrically. This is especially impor- 
tant during crown preparation when long, thin, 
diamond burs that easily bend are often used. 

Cavity Cleansing and Drying 

Before a cavity is filled or a crown cemented, the 
dentin surface should be thoroughly cleansed. 
An effective and biologically sound way to do 
this is with water or, as is normally done in prac- 
tice, with a spray of water and air. In other 
words, the goal is not to disinfect the dentin, but 
to clean it and remove saliva, blood, possible 
rests of materials, and other extraneous matter. 

The clean dentin surface should then be dried 
with minimal dehydration of the dentin. This 
can be achieved with blasts of air to remove wa- 
ter from the adjacent mucosa, gingiva, and sul- 
cular area of the tooth. Most of the water in the 
cavity will also have been removed by this re- 
gional drying. The final drying of the cavity is 
then done carefully with a few short blasts of air 
and cotton pellets in an effort not to dehydrate 
the underlying dentin. It is important to develop 
a fast, effective, and biologically acceptable tech- 
nique for the cleansing and drying of prepared 
dentin surfaces, since this clearly is one of the key 
factors in preventing patient discomfort and pain 
following treatment. 



Surface bacteria which might survive the 
cleansing and drying procedures will die when 
the cavity is restored or the crown cemented. If 
bacteria are found in a gap between a restora- 
tion and the cavity wall at a later time, they are 
new bacteria and have come in from the oral 
cavity as a result of marginal leakage. It is, there- 
fore, inappropriate to use antibacterial drugs for 
the cleansing of cavities and teeth prepared for 
crowns. 

Impression Methods 

As with cavity and crown preparation, the most 
important factor during the taking of an impres- 
sion is the prevention of dehydration of the den- 
tin and subsequent pulp reactions. With the 
modern elastic impression materials this is not 
a problem if the tooth is not unnecessarily de- 
hydrated prior to the taking of the impression. 
Even thermoplastic materials may be used if 
care is taken. The prepared tooth is then sprayed 
liberally with water and dried off carefully with 
cotton or gauze, leaving a moist dentin surface. 
The impression material is heated only to such 
an extent that it can be manipulated with the 
fingers, although with some difficulty (i.e., to 
50-60 °C). When applied to the tooth, usually in 
a copper ring, the material is cooled off with wa- 
ter and removed as quickly as the method al- 
lows. The tooth is then immediately sprayed lib- 
erally with water to counteract the certain 
amount of dehydration that unavoidably occurs 
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Fig. 5.4 Area of pulp under a cavity restored with a dry 
zinc oxide-eugenol paste. After 30 days, the pulp is 
normal. Note that secondary dentin has not formed 
(hematoxylin-eosin) 



with this method. Obviously, from a preven- 
tive-endodontic point of view, thermoplastic 
impression materials should not be used, and 
with the improvements in the accuracy of other 
biologically more acceptable methods its use 
should at least be restricted to certain infre- 
quent situations where this method might still 
appear to give superior results. 

Pulp Protection 

Materials with desirable biological properties, 
but which are too weak or otherwise not suita- 
ble to be used as restorative materials may be 
used as base materials in a cavity. There are two 
reasons for using a base material. The first rea- 
son is to protect the pulp from harmful compo- 
nents in a filling material and from marginal 
leakage. The second reason is to influence the re- 
pair processes in the pulp in a beneficial way to 
enhance healing. There are essentially two types 
of material available for cavity protection today: 
zinc oxide-eugenol and calcium hydroxide; 
most commercially available preparations are 
based on one of these materials. 



A paste of zinc oxide and eugenol provides a 
bacteria-tight seal of the cavity. This is a very im- 
portant characteristic of this material and is 
probably a main reason for its suitability as a 
base in a cavity. Also, eugenol is a local anes- 
thetic with an especially good effect on the C- 
fibers of the pulp, so that when a paste of zinc 
oxide and eugenol is placed in a cavity, enough 
eugenol may penetrate to the pulp to temporar- 
ily inhibit intradental nerve activity. Zinc oxide- 
eugenol paste, therefore, has an excellent seda- 
tive effect. In addition, eugenol is an antiseptic 
and, when mixed with zinc oxide, gives the 
paste a definite antibacterial effect. Eugenol also 
interferes with prostaglandin production in the 
pulp, so that a zinc oxide-eugenol cement has 
an anti-inflammatory effect as well. 

The material has a certain toxic effect when 
tested in vitro. However, when used in a cavity, 
it has no adverse effect on the pulp (Fig. 5.4). On 
the contrary, the biocompatibility of the mate- 
rial is so well established that it is the accepted 
material for negative controls in studies on the 
pulpal effect of dental materials. Thus, zinc oxide 
and eugenol is exceptionally well suited as a 
base material, a sedative dressing, a temporary 
restoration, etc. It is interesting to know that it 
has been used for such purposes since the time 
of the pharaohs in ancient Egypt. 

Zinc oxide and eugenol may also be used for 
temporary or semipermanent cementation of 
crowns. When used for this purpose, it should 
be remembered that the setting reaction of zinc 
oxide and eugenol is hydrophilic, which means 
that the material has a strong affinity for water 
and needs water to set. A zinc oxide-eugenol ce- 
ment, therefore, should be applied on a wet tooth. 
Otherwise the material will take up fluids from 
the dentinal tubules and the pulp, often causing 
severe hypersensitivity of the tooth. 

The use of zinc oxide and eugenol is contrain- 
dicated under all resin materials since eugenol 
interferes with the polymerization of a resin. 
However, where maximum pulp protection is 
sought, zinc oxide and eugenol should always be 
used, at least in the deeper parts of the cavity. 
If a resin then is used to restore the tooth, the 
zinc oxide-eugenol material will have to be cov- 
ered by a second base material which is com- 
patible with the resin restoration. 

Calcium hydroxide, when used in a base ma- 
terial, is well tolerated by the pulp (Fig. 5.1). It 
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does not have the sedative effect of zinc oxide 
and eugenol, but has an excellent antibacterial 
effect, an anti-inflammatory effect, and can be 
used under all types of restorative materials. 
Calcium hydroxide cements will usually not pro- 
vide a lasting bacteria-tight seal of the cavity. Al- 
though the materials have been shown to ini- 
tially block the dentinal tubules quite effective- 
ly, it may gradually be washed out of a cavity 
when there is marginal leakage. Recently, light- 
cured calcium hydroxide-resin preparations 
have been brought on the market. These prepa- 
rations appear to be tolerated by the pulp and 
are conceivably more stable than the two-com- 
ponent cements. However, the therapeutic ef- 
fects of calcium hydroxide may be blocked by 
the cured resins of these products. 

The use of resin-based dentin adhesives has 
presently become routine in operative dentistry. 
As a result, marginal leakage in conjunction with 
bonded restorations is greatly reduced. Howev- 
er, the use of adhesives has also to a great extent 
led to a discontinuation in the use of base ma- 
terials under resin restorations. It is far from es- 
tablished that this is sound clinical practice. Pa- 
tients commonly suffer from dental hypersensi- 
tivity following this type of treatment, and 
endodontists have noticed an increased number 




Fig. 5.5 Diagram illustrating a section through a class 
2 cavity. The base material, when placed in the deepest 
part of the cavity, will protect the pulp, but not interfere 
with the placement of the restoration 



of teeth with resin restorations referred for en- 
dodontic treatment since the base materials 
were abolished. Therefore, it is questionable 
whether the well-established clinical practice of 
using a base under a resin restoration should be 
discontinued at this time. The classical rule that 
a base should be applied to the deepest part of 
a cavity if the cavity is deeper than what is need- 



Fig. 5.6 a Class 5 composite resin re- 
storation placed without acid-etching of 
cavity walls. Marginal leakage with pe- 
netration of a dye to the pulp can be 
seen, b Class 5 composite resin re- 
storation placed after acid-etching of 
cavity walls. No marginal leakage is 
evident 
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Fig. 5.7 a Class 5 amalgam restoration. Marginal 
leakage with penetration of a radioactive isotope 
around the restoration is seen, b Class 5 amalgam 
restoration. A copal varnish was applied to the cavity 
walls before the amalgam was inserted. No marginal 
leakage is evident 



ed for retention purposes still seems to be valid 
(Fig. 5.5). This approach leaves more than 
enough free enamel and dentin surfaces to be 
used for bonding a restoration to the tooth. 

Marginal Leakage 

True adhesive filling materials do not exist at 
present and marginal leakage is a clinical prob- 
lem with all types of restorative materials. Mar- 
ginal leakage cannot be prevented in conjunc- 
tion with silicate or glass ionomer cement fillings 
(Fig. 1.38). However, the fluoride released from 
these materials has a good anticaries effect and 
secondary caries is generally not a problem with 
these materials. 



With early resin restorations, marginal discol- 
oration and secondary caries were major prob- 
lems, and clinical use of the composite resins 
was about to be discontinued when the acid- 
etch technique became available (Fig. 5.6). By 
using the acid-etch technique combined with a 
good resin-based adhesive system, the clinical 
problems with marginal leakage in conjunction 
with composite resin restorations have been 
largely overcome. 

With amalgam restorations, initial marginal 
leakage can be prevented effectively by applying 
a layer of varnish in the cavity before the amal- 
gam is inserted (Fig. 5.7). The cavity varnish will 
wash out gradually, but corrosion products from 
the amalgam will fill the gap between the res- 
toration and the cavity walls, resulting in a well- 
sealed cavity. Since amalgam restorations are 
well tolerated by the pulp, the cavity varnish 
will provide adequate pulp protection as well in 
many instances. However, in deep cavities a 
base material is used in the deepest part, as dis- 
cussed above, and the varnish is applied to the 
cavity on top of the base material in order to pre- 
vent marginal leakage. Thus, a cavity varnish 
should be used in conjunction with all amalgam 
restorations, in shallow and deep cavities, and in 
vital and nonvital teeth. 

As can be seen from the above, biologically 
appropriate restorative treatment can be per- 
formed with simple, routine clinical methods. 
One only has to think in terms of prevention and 
pulp protection, and the number of cases with 
postoperative pain, iatrogenic pulpitis, and pulp 
necrosis will be dramatically reduced. 



Pulp Capping 



Treatment of the exposed pulp by pulp capping 
has a long clinical history. The purpose of the 
treatment is to keep the exposed pulp vital and 
functioning in the tooth. However, it soon be- 
came apparent that pulp wounds have a definite 
tendency to heal poorly, and that pulp necrosis 
usually develops in pulp-capped teeth. Thus, in 
the 1930s the thesis that "the exposed pulp is a 
lost organ" was generally accepted. Today, over 
50 years later, pulp capping can still be a doubt- 
ful treatment form. On the other hand, a number 
of experimental studies have shown that pulp 



capping may have a success rate near 90% if spe- 
cific clinical criteria are met and the treatment 
is performed correctly. Therefore, an exposed 
pulp is not necessarily a lost organ (Fig. 5.8). 

For pulp capping to be successful, the follow- 
ing factors are of decisive importance: the con- 
dition of the pulp (preoperative diagnosis), the 
pulp-capping material, and the accomplishment 
of a permanent bacteria-tight seal of the pulp 
cavity. 
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Indications 

The exposed pulp of a tooth to be treated with 
pulp capping should be healthy and free of in- 
flammation. Since pulpal inflammation as a rule 
is asymptomatic, this presents a problem in pre- 
operative diagnosis that is most often unsolva- 
ble. An exposed pulp free of inflammation can 
with present methods be diagnosed with cer- 
tainty only when the exposure occurs acciden- 
tally, for example, as a result of crown prepara- 
tion of an intact tooth or, more commonly, as a 
result of a traumatic injury (complicated crown 
fracture). However, even if the pulp is healthy 
at the time of exposure, it will soon become in- 
flamed if left exposed to the oral environment. 
Bacteria will colonize the wound surface and 
may invade superficial layers of the pulp since 
extravasated blood is usually present in the tis- 
sue. An accumulation of inflammatory cells may 
be present in the pulp subjacent to the exposure 
site already after 48 hours. The pulp capping 
should, therefore, if at all possible be performed 
within 2 days after the exposure occurred. If the 
treatment is then carried out correctly, the prog- 
nosis is excellent (approximately 90%). 

Accidental pulp exposures constitute only a 
small portion of the teeth with exposed pulp. 
More frequently the pulp is exposed during ex- 
cavation of soft carious dentin. In these instances 
it must be assumed that the pulp is inflamed. If 
pulp capping is performed in teeth with carious 
exposures, therefore, the number of failures will 
increase dramatically and a success rate in the 
area of 30-40% can be expected. 

Thus, with our present knowledge and the 
materials and methods that are now available to 
us, the indications for treatment of the exposed 
pulp with pulp capping are rather narrow. How- 
ever, in the teeth with healthy pulps where the 
treatment is indicated, it is an elegant and reli- 
able method. It is especially useful in the treat- 
ment of incompletely formed incisors in children 
where the preservation of the pulp will allow the 
development of the teeth to continue, resulting in 
fully formed, strong teeth that can function for a 
lifetime. 

Wound Dressing and Tissue Reactions 

A vast number of materials and medicaments 
have been used as pulp-capping agents: gold 



and silver, different types of cements, antiseptic 
pastes, chemotherapeutics, ivory powder, den- 
tin chips, plaster of Paris, magnesium oxide, cal- 
cium hydroxide, and many others. It is interest- 
ing to note that both biologically inert materials 
like gold and silver and irritating antiseptic 
preparations like phenolic compounds are 
equally unsuitable as pulp-capping agents. 

The first important progress with this type of 
therapy was gained in the 1920s with a paste of 
zinc oxide and eugenol. This material has a mild 
antiseptic effect and seals the cavity well. Heal- 
ing of the exposed pulp without hard-tissue 
bridging of the pulp wound was observed. An at- 
tempt was made at obtaining hard-tissue forma- 
tion at the exposure site by covering the pulp 
wound with dentin chips or ivory powder under 
the zinc oxide and eugenol paste. This approach 
showed some promise, but it was not until the 
late 1930s when calcium hydroxide was intro- 
duced as the wound dressing that pulp capping 
as a clinical treatment method started to be tak- 
en seriously. With calcium hydroxide it became 
possible for the first time on a routine basis to 




Fig. 5.8 Successful pulp capping in a monkey tooth. A 

dentin bridge has walled off the exposed pulp following 
calcium hydroxide treatment. The pulp is healthy and 
free of inflammation (hematoxylin-eosin) 
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Fig. 5.9 Pulpcappingof 
monkey teeth with ex- 
posed, healthy pulps 

(hematoxylin-eosin). a 
After 8 days, an area of 
the pulp (N) subjacent 
to the calcium hydroxi- 
de paste placed on the 
pulp exposure (E) has 
become necrotic. The 
adjacent pulp tissue is 
free of inflammation, b 
After 90 days, a dentin 
bridge (DB) has formed 
in the pulp adjacent to 
the necrotic tissue (N). 
The underlying pulp 
tissue is healthy and 
free of inflammation 



obtain a healthy pulp, free of inflammation, cov- 
ered by a hard-tissue barrier, a dentin bridge, at 
the exposure site (Fig. 5.8). 

Calcium hydroxide is a white powder that can 
be mixed with physiological saline to a paste. 
The paste is highly alkaline with a pH of 12.5 and 
its application to the pulp results in necrosis of 
the pulp tissue contacting the paste. The necrotic 
area of the pulp is sharply limited and the sub- 
jacent vital pulp tissue shows no or only a mild 
inflammatory reaction (Fig. 5.9). 

In the transition zone between the necrotic 
and the vital tissue, a relatively structureless 
"demarcation zone" is observed after a few days. 
This zone is rich in collagen and gradually be- 
comes mineralized. It represents the beginning 
of the formation of the mineralized barrier. This 
first formed hard tissue contains no dentinal tu- 
bules, but after approximately 10 days odonto- 
blasts which have differentiated from cells in the 
pulp are seen lining up along the pulpal aspect 
of the hard tissue, and formation of tubular den- 
tin onto the atubular tissue begins (Fig. 5.10). 
The dentin formation goes on until the bridge 
has reached a certain thickness and then stops, 
usually after about 60 days. The pulp is now 
again completely surrounded by hard tissue, and 



in successful cases will be healthy and free of in- 
flammation. 

This sequence of events represents the typical 
reaction of the exposed, uninflamed pulp to cal- 
cium hydroxide. However, as pointed out above, 
in some instances the reaction may take a dif- 
ferent course and the treatment may not be suc- 
cessful. In particular, it must be understood that 
the dentin bridge formation in itself is no guar- 
antee of pulpal repair; the pulp may become 
necrotic after the dentin bridge formation has 
started (Fig. 5.11). When other materials such as 
magnesium oxide are used as a pulp capping 
agent, it is routinely observed that pulp necrosis 
follows dentin bridge formation. 

Pulpal Seal 

In addition to the preoperative status of the pulp 
and the choice of wound dressing, it is of crucial 
importance for the outcome of the treatment 
that the pulp cavity be sealed bacteria-tight un- 
til the dentin bridge has formed and pulpal re- 
pair is completed. If the pulp exposure occurs 
within a cavity, this presents no great problem. 
The calcium hydroxide is applied to the pulp 
wound and the cavity is filled with zinc oxide 
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and eugenol which gives the necessary seal. 
However, if the pulp wound is located on a frac- 
tured dentin surface, it is very difficult to obtain 
a reliable seal. Traditionally, calcium hydroxide 
paste was applied to the wound in such instanc- 
es and a temporary crown was cemented with 
zinc oxide and eugenol cement. However, due to 
the awkward shape of a fractured tooth, its 
smooth enamel surfaces, and the unavoidable 
biting on the temporary crown, leakage between 
the cement and the tooth surface readily oc- 
curred, causing the treatment to fail. 

A reliable method of achieving the necessary 
bacteria-tight seal of the pulp cavity is to per- 
form what might be termed a mini-amputation 
of the pulp. Using a sharp fissure bur in a low- 
torque ultraspeed handpiece, about 1.5 mm of 
the pulp tissue at the exposure sight is removed 
(Fig. 5.12). The bleeding is stopped by irrigation 
with sterile saline and slight compression with 
sterile cotton pellets. A thin layer of calcium hy- 
droxide paste is then applied to the pulp wound 
and the remainder of the cavity is filled with a 
paste of zinc oxide and eugenol which gives the 
necessary seal. A temporary crown can then be 
cemented, and if leakage should occur between 
the tooth and the crown, the zinc oxide and eu- 
genol matrial in the cavity will still provide a re- 
liable pulpal seal. However, rather than restor- 
ing the tooth temporarily, a much more elegant 
method is to immediately restore the tooth with 
a semipermanent or permanent composite resin 
restoration using an acid-etch adhesive tech- 
nique. The fractured dentin surface, including 
the zinc oxide and eugenol cement at the expo- 
sure site, is then covered with a hard-setting cal- 



cium hydroxide base material, the enamel is 
beveled, and after acid-etching, an adhesive is 
applied and the tooth is restored to its original 
shape (Fig. 5.13). 

Follow-up Examination and Prognosis 

Even when adhering to the narrow clinical indi- 
cations outlined above, a failure rate of 10-20% 
will be observed after pulp capping, i.e., the 
treatment will be unsuccessful in one to two of 
every 10 teeth treated. The failures may not be 
clinically evident at once or even for a consid- 
erable time after the treatment, since, as is 
known, pulpal inflammation usually proceeds 
without symptoms. Thus, it is not unusual that 
failures after pulp capping are diagnosed after 
2-3 or even more years. Follow-up examina- 




Fig. 5.11 Unsuccessful pulp capping in a monkey 
tooth. A dentin bridge has begun to form; however, the 
pulp has become necrotic (hematoxylin-eosin) 



92 5 Treatment of Teeth with Vital Pulp 












b 


c 




Fig. 5.12 Pulp capping: Clinical procedures, a 

Complicated crown fracture with pulp exposure of 
maxillary left central incisor. The patient is 1 2 years old 
and presents for treatment 2 hours following the 
accident, b Rubber dam is applied and the field of 
operation is disinfected, c Using a sharp sterile bur in a 
low-torque handpiece, about 1 .5 mm of the pulp tissue 
at the exposure sight is removed. Bleeding is 



controlled, d A thin layer of a paste of calcium 
hydroxide and saline is applied to the pulp wound, e 
The remaining cavity is filled with zinc oxide-eugenol 
to establish a bacteria-tight seal, f A temporary crown 
may then be applied or the tooth acid-etched and a 
composite resin restoration fabricated. (The eugenol- 
containing material is then covered with a cement 
compatible with the resin.) 



tions of pulp-capped teeth, therefore, are a must. 
They should be performed 3, 6, and 12 months 
after the treatment and later, once a year as 
deemed necessary. 



The follow-up control should consist of a clin- 
ical examination with sensitivity tests and a ra- 
diographic examination. Although part of the in- 
cisal pulp is lost or has been removed, a mean- 
ingful sensitivity test can still be performed 




a b 

Fig. 5.13 a Maxillary central incisors with complicated desired form of the teeth, b Maxillary central incisors 

crown fractures. After acid-etching, celluloid crown successfully restored with the acid-etch resin technique 
forms may be used with advantage to obtain the 
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using the buccal surface of the tooth. Radio- 
graphically, the width of the root canal should 
be carefully examined and compared with the 
width of the canal of the contralateral or neigh- 
boring teeth. An increasing obliteration of the 
root canal may suggest a chronic inflammation 
in the pulp and failure of the treatment. A root 
canal that is wider than in the contralateral 
tooth usually means that the pulp has become 
necrotic, so that the formation of dentin on the 
root canal walls has stopped. Sometimes a fail- 
ure becomes evident because of the presence of 
a periapical radiolucency. 

During the follow-up controls it is important 
to check that the coronal restoration of the tooth 
is intact. The dentin bridge is important in that 
it renders a hard-tissue covering of the pulp. 
However, if bacteria are allowed to reach the 
bridge and colonize its surface, bacterial prod- 
ucts will readily penetrate the bridge and cause 
pulpal inflammation. Obviously, this reaction is 
the same as may be observed under leaky res- 
torations elsewhere in the mouth. 

Certain additional factors have been consid- 
ered to have an influence on the outcome of a 
pulp-capping procedure. The size of the pulp ex- 
posure is such a factor; in the literature it is often 
stated that the exposure should be less than 
1 mm 2 in order for the treatment to be success- 
ful. However, there is no evidence to support 
this claim. On the contrary, it appears that the 
size of the pulp wound is without importance for 
the outcome of the treatment. An uninflamed 
pulp will form a large bridge just as readily as it 
forms a small bridge. 

The location of the exposure has been another 
point of concern, and treatment of pulp wounds 
in the gingival third of the tooth has been con- 
sidered by many to be contraindicated in that 
the local necrosis caused by calcium hydroxide 
in the cervical area might interrupt the blood 
supply to the coronal pulp. However, especially 
in young teeth, the area of necrosis will be small 
compared to the amount of pulp tissue, and the 
prognosis for pulp capping appears to be as good 
in the cervical region of the tooth as it is in a pulp 
horn. 

The age of the patient, on the other hand, may 
affect the prognosis of pulp capping unfavora- 
bly. There is both clinical and experimental ev- 
idence to that effect, and in addition it is accept- 
ed today that age in general reduces the func- 



tional capacities of a tissue. However, advanced 
age is not a definite contraindication for pulp 
capping if other circumstances favor this treat- 
ment. On the other hand, for fully formed teeth 
with exposed pulps, alternative treatment meth- 
ods with exceptionally high success rates are 
available (see p. 97). 

Capping of the Inflamed Pulp 

Many attempts have been made to find pulp 
capping agents and develop methods that would 
give reliable results of pulp capping of teeth 
with carious exposures and inflamed pulps. The 
initial reaction to calcium hydroxide in these 
teeth is at least to some extent as described for 
teeth with healthy pulps. Thus, the local necrosis 
of the pulp tissue subjacent to the capping ma- 
terial is seen (Fig. 5.14). The inflammation in the 
tissue subjacent to the necrotic area, however, 
is much more pronounced, and it appears that 
the ability of calcium hydroxide to induce dentin 
bridge formation is impaired by the inflamma- 




Fig. 5.14 Pulp capping of a monkey tooth with 
exposed, inflamed pulp. After 8 days, a necrotic area 
subjacentto the calcium hydroxide paste is recognized. 
In addition, a severe inflammatory reaction is seen in 
the vital pulp tissue (hematoxylin-eosin) 
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tion. On the whole, the reaction of the inflamed 
pulp to calcium hydroxide is erratic and unpre- 
dictable, and the percentage of unsuccessful cas- 
es will be intolerably high. 

Promising clinical results have been obtained 
with corticosteroid antibiotic preparations as 
pulp-capping agents in teeth with inflamed 
pulps. These medicaments temporarily prevent 
or remove the symptoms of a pulpitis so that the 
treatment may appear successful in the short 
term. However, when such teeth are followed 
over time, the success rate steadily drops, and 
in one study it was down to 20% after 5 years. 
When the teeth of this study which were clini- 
cally successful after 5 years were extracted and 
examined under a microscope, the pulps in all 
teeth were necrotic. Antibiotics without corti- 
costeroids have also been used, both systemical- 



ly and locally on the pulp wound without suc- 
cess. 

The best results in fact have been obtained in 
inflamed pulps with a paste of zinc oxide and 
eugenol as wound dressing, confirming old find- 
ings from the 1920s. However, dentin bridge for- 
mation will not occur under zinc oxide and eu- 
genol materials, and consequently if the coronal 
restoration is lost, the pulp will again be ex- 
posed. On the whole it must be concluded that 
at present the success rate of pulp capping of teeth 
with exposed, inflamed pulps is poor and that the 
treatment should not be carried out In mature 
teeth a pulpectomy should be performed, 
whereas in immature teeth where continued 
root formation is desirable, a pulpotomy is the 
treatment of choice. 



Pulpotony 

Pulpotomy, or pulp amputation, implies a partial 
removal of the pulp. Normally, the coronal pulp 




Fig. 5.15 Dog tooth with a complicated crown 
fracture. Two days following the exposure of the pulp, 
an inflammatory reaction is evident in the coronal pulp 
(hematoxylin-eosin) 



is removed to the level of the orifice of the root 
canal, but in certain instances if the pulp in the 
cervical region is visibly broken down, it is ad- 
vantageous to amputate the pulp further apical- 
ly in the root canal where the tissue clinically 
appears healthier. Such a procedure is referred 
to as high amputation. 

Pulpotomy treatment developed as a logical 
consequence of the clinical experience that pulp 
capping of teeth with inflamed pulps is normally 
unsuccessful. Thus, the objective of a pulpotomy 
is the removal of the inflamed part of the pulp 
followed by application of a wound dressing 
(calcium hydroxide) to the remaining pulp tis- 
sue which then is allegedly free of inflammation 
(Fig. 5.15). If this is attained, the prognosis for a 
pulpotomy procedure is as good as for pulp cap- 
ping of a tooth with an exposed pulp free of in- 
flammation (Fig. 5.16). 

Indications 

The success rate of pulpotomy treatment de- 
pends to a great extent on the operator's ability 
to determine whether the pulpal inflammation 
is confined to the coronal pulp or has possibly 
progressed into the root pulp as well. Numerous 
studies have shown that this is not possible by 
clinical means, and that the diagnosis will be 
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Fig. 5.16 Successful pulpotomy 
in a monkey tooth. Following 
calcium hydroxide treatment, 
dentin bridges have formed at 
the root canal orifices. The root 
pulps are healthy and free of 
inflammation (hematoxylin- 
eosin) 



correct in only 50-60% of the teeth. Consequent- 
ly, the failure rate of pulpotomy treatment is high, 
and the treatment form is not considered accept- 
able as permanent therapy. 

None the less, pulpotomy has its definite 
place as a temporary or semipermanent treat- 
ment method in teeth with incompletely formed 
roots where pulp capping is contraindicated be- 
cause of diagnostic reasons. The purpose of per- 
forming a pulpotomy in these teeth is to retain 
as much of the pulp tissue as possible, i.e., usu- 



ally the root pulp, until the root development is 
completed (Fig. 5.17). What makes this a viable 
treatment form in spite of the diagnostic diffi- 
culties is the fact that the development of the 
root may continue even if the pulp is chronically 
inflamed. However, because of the risk of late 
failures, a pulpotomy should routinely be fol- 
lowed by pulpectomy and root canal filling as 
the final treatment when symptoms are evident 
or when the root development is completed (Fig. 
5.18). 




Fig. 5.1 7a Radiograph 
of the maxillary right 
central incisor of a 9- 
year-old. Two months 
after pulpotomy treat- 
ment with calcium 
hydroxide, a dentin 
bridge is visible in the 
cervical area of the 
pulp, b Follow-up 
radiograph after 
6 months. The root 
development of the 
pulpotomized tooth 
appears to continue 
normally 



96 5 Treatment of Teeth with Vital Pulp 




Fig. 5.1 8 a This patient presen- 
ted with severe symptomatic 
pulpitis in the maxillary left 
central incisor. The radiographic 
examination revealed a previ- 
ous, apparently successful, pul- 
potomy treatment of the tooth 
with dentin bridge formation in 
the cervical area of the pulp and 
normal root development when 
compared with the contralateral 
tooth. However, a late failure of 
the treatment is obvious at this 
time, underlining the fact that in 
good clinical practice a pulpo- 
tomy should be followed by a 
pulpectomyandrootcanalfilling 
when symptoms are evident or 
when the root development is 
completed (b) 



Wound Dressing and Tissue Reactions 

Historically, as in pulp capping, phenol prepara- 
tions and other strong antiseptics have been 
used routinely as wound dressing in pulpotomy 
treatment. However, since the late 1930s, calci- 
um hydroxide has been the dressing of choice. 

The tissue reactions to calcium hydroxide 
when used in pulpotomies are obviously the 
same as when the material is used as a pulp cap- 
ping agent (Fig. 5.16). If applied to uninflamed 
tissue, there is local necrosis, formation of the 
dentin bridge, and healing of the underlying 
pulp. On the other hand, if applied to inflamed 
tissue, the reaction is unpredictable and any- 
thing from healing or a long-standing chronic 
inflammation to a rather immediate pulp necro- 
sis may be seen. 

Clinical Considerations 

In teeth where a pulpotomy is performed, the 
pulp usually has severe local damage with in- 
flamed areas and possibly areas with necrotic 
tissue which may be infected. After preparation 
of the access cavity, a rubber dam is applied and 
the field of operation, including the tooth and 
the exposed pulp, is thoroughly disinfected. The 
coronal pulp is then removed by means of a 
round bur in a low-torque ultraspeed handpiece 



or by means of a sharp excavator. The bleeding 
is controlled by irrigation with sterile saline and 
compression with sterile gauze or cotton pellets. 
Calcium hydroxide paste is applied. The pulp 
chamber is then filled with zinc oxide-eugenol 
cement, and in contrast to what is often the case 
after pulp capping, an adequate bacteria-tight 
seal is readily maintained in this situation since 
the temporary filling will be of adequate thick- 
ness and is easily retained in the pulp chamber 
and the access cavity of the tooth. 



Follow-up Examinations and Prognosis 

Pulpotomized teeth should be examined clini- 
cally and radiographically after 3, 6, and 12 
months and then later once a year until symp- 
toms or other signs of failure are evident or until 
a pulpectomy is performed. As the pulp is usually 
amputated apically to the gingival margin, sensi- 
tivity tests cannot be carried out in these teeth. 
The clinical examination, therefore, is limited to 
evaluating whether signs of inflammation are 
evident. The formation of the dentin bridge can 
be followed radiographically (Fig. 5.17). Still, the 
width of the root canal as it compares with the 
width of the canal of the contralateral tooth and 
other neighboring teeth is the most valuable in- 
dicator as to the state of the pulp. Sometimes in- 
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ternal resorption is seen in pulpotomized teeth. 
This is a definite sign of necrosis and infection 
of an area cervically in the residual pulp and a 
chronic inflammation in the canal at the resorp- 
tion lacuna. 

As discussed above, the prognosis of pulpot- 
omized teeth is poor, probably in the area of 40%. 
It is important to understand and accept that 
even after the most thorough clinical and radi- 
ographic examination, it may not be possible to 
determine whether a pulpotomy is successful or 
not. It is good clinical practice, therefore, to al- 
ways perform a pulpectomy in these teeth when 
necessary or when the root development is com- 
pleted. The question then arises of whether it is 



really worthwhile going by way of a pulpotomy, 
or if these teeth should not be treated with a 
pulpectomy in the first place. There can be no 
doubt about the answer. The roots of the teeth 
of a 7-12-year-old child are so thin and weak 
that if the pulp is removed and the root canal is 
filled with gutta-percha and a sealer, the teeth 
will fracture either horizontally or vertically 
sooner or later. On the other hand, if the root 
pulp of these teeth is saved temporarily until the 
root development is completed, the roots of 
these teeth will be strong and, when root filled, 
may last a lifetime and serve effectively to retain 
any type of coronal restoration. 



Pulpectomy 



Pulpectomy implies the removal of the vital 
pulp. This form of therapy has developed as a 
logical consequence of the high failure rate of 
pulp capping and pulpotomy treatment of teeth 
with exposed, inflamed pulps. When a pulpec- 
tomy is performed, the pulp is severed near the 
apical foramen so that in all instances practi- 
cally all inflamed tissue is removed. Conse- 
quently, the diagnostic problems that are un- 
solvable in conjunction with a pulpotomy pro- 
cedure hardly exist with this method. Thus, in 
the treatment of teeth with exposed, inflamed 
pulps, pulpectomy is by far the treatment form 
with the widest indications, and until new di- 
agnostic methods are available with which it 
will be possible to determine more accurately 
the preoperative condition of the inflamed 
pulp, pulpectomy will continue to be the treat- 
ment method of choice. 

Indications 

From a biological point of view, the treatment 
of a tooth by pulpectomy is simple. The pulp tis- 
sue is removed and the root canal is filled with 
a material or materials that are biocompatible 
and provide a long-lasting, bacteria-tight seal of 
the canal. If this is achieved, the tooth will re- 
main healthy and functional. Thus, a pulpecto- 
my may be carried out in all teeth with vital 
pulps, and the only limitations of the method 
would be possible practical ones like an unusu- 



ally complicated morphology of a tooth. Consid- 
ering the complexity of the root canal system, 
pulpectomy treatment is amazingly successful, 
and a success rate of 90-95% is within reach 
when optimal methods are used. 

Treatment Principles 

The vital pulp tissue, although it is usually in- 
flamed, is potentially sterile. Even if the pulp is 
exposed to the oral environment, only the su- 
perficial area of the tissue may be infected. Thus, 
when a pulpectomy is performed, it is normally 
not a question of combating an infection, but of 
preventing a contamination of the root canal dur- 
ing the treatment. 

Special conditions exist when the pulpitis has 
resulted in necrosis of the coronal part of the 
pulp. The necrotic tissue will be infected and is 
removed first. The pulp chamber is then thor- 
oughly disinfected before the vital pulp tissue in 
the root canal is extirpated. Of course, teeth will 
be encountered in which the tissue necrosis is 
not confined to the coronal pulp, but has spread 
to the root pulp as well so that only the apical 
part of the pulp is vital. Similarly, in multirooted 
teeth, the pulp tissue in one of the roots may be 
necrotic whereas it is vital in another root. It 
should then be remembered that the front of in- 
fection is always at the transition zone between 
necrotic and vital tissue, and the clinical rule is 
that, if in doubt about the presence of bacteria, a 
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Fig. 5.19 Root end with apical periodontium. The 

apical foramen is situated laterally on the root at a 
distance from the apex of the tooth (hematoxylin- 
eosin) 



tooth should always be regarded as infected and 
be treated accordingly (see Chapter 6). 
Pulp extirpation and instrumentation. 

When the pulp is extirpated it should be severed 
inside the root canal near the apical foramen. As 
a rule, the foramen is not located at the radio- 
graphic apex of the tooth, and most often it is 
not possible to determine its exact position (Fig. 
5.19). Consequently, in order to stay within the 
root canal, we have to be satisfied with the 
somewhat inexact rule that the pulp wound 
should be placed 1-3 mm short of the radio- 
graphic apex. With this rule in mind, and after 
careful study of the preoperative radiograph, the 
optimal apical level of instrumentation in each 
individual tooth is determined. 

By severing the pulp inside the root canal, 
several advantages are achieved. It is technically 
possible to obtain a clean wound when the pulp 
is cut off against the hard root canal walls, there- 
by minimizing the apical tissue damage. Still, a 
wound is made, resulting in an inflammatory re- 
action in the apical tissue. The inflammation is 




Fig. 5.20 Pulpectomy, monkey tooth. The pulp (P) 
was severed short of the apex and the resulting 
inflammation caused transient root resorption 
(arrows). At 60 days, pulpal healing is completed with 
cemental repair (C) of the resorptive areas (DC = dentin 
chips plug) (hematoxylin-eosin) 



usually combined with a transient root resorp- 
tion and the severity of the reaction will depend 
on the gentleness with which the pulp wound 
is made. Normally, the inflammatory reaction is 
over in 2-3 weeks, and repair of the resorptive 
areas with apposition of a cementum-like tissue 
is seen at that time as well (Fig. 5.20). 

Another advantage of placing the pulp wound 
short of the apex is that a possible apical delta of 
accessory root canals is left intact (Fig. 5.21). Be- 
cause of the proximity of the root canal delta 
with the periodontal ligament and consequently 
a well-developed collateral circulation in the 
area, the tissue in the accessory canals will re- 
main vital if not encroached upon. This is un- 
doubtedly a key to the high success rate of 
pulpectomy treatment. 

A third advantage of an intracanal pulp 
wound is that the periodontal ligament is not 
damaged. However, in some instances the peri- 
odontal tissues will be impinged upon during 
the extirpation of the pulp, either because the 
working length has been incorrectly determined 
or, as is often the case, because the operator is 
unable to sever the pulp tissue within the root 
canal and consequently removes the entire pulp 
and maybe part of the periodontal ligament as 
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Fig. 5.21 a Pulpectomy of a maxillary central incisor 
with an extensive apical root canal delta. The pulp has 
been severed short of the area with the accessory root 
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canals, b Complete healing of the apical pulp tissue is 
evident (hematoxylin-eosin) 



well. In such instances the apical soft-tissue 
wound is much larger than a wound inside the 
canal, and since the tissue outside the root canal 
is not cut, but torn, the wound will be irregular 
and the tissue damage more severe. Conse- 
quently, the inflammatory reaction that follows 
the extirpation will be more severe as well and, 
in addition to the resorption of the root, there 
may be a certain resorption of the alveolar bone 
as well so that a slight periapical radiolucency 
becomes evident in a radiograph. This reaction 
is referred to as a temporary failure, since peri- 
apical repair usually occurs if the treatment is 
adequately completed. 

The best approach to correcting the mistake of 
over-instrumentation is to ignore it. The root ca- 
nal is prepared to the optimal level short of the 
radiographic apex and later obturated to this 
level (Fig. 5.22). The space in the canal apically 
to the root filling will be filled with tissue fluids 
and blood which, gradually, will be organized to 
new connective tissue. If there is no bacterial 
contamination of the root canal so that the blood 
clot becomes infected, the new tissue will form 
quickly and predictably. After 30 days or sooner, 
a well-vascularized and cell-rich connective tis- 
sue is seen (Fig. 5.23). Gradually the new tissue 
inside the root canal usually mineralizes and a 
cementum-like hard tissue will fill the root canal 
space apically to the root canal filling. 



When the pulp has been extirpated and the 
instrumentation of the root canal is completed, 
the canal should be obturated (Fig. 5.22). In prin- 
ciple, the root canal can be filled with any bio- 
compatible material that gives a bacteria-tight 
seal and neither shrinks, nor dissolves in tissue 
fluids, nor is resorbed, so that leakage and infec- 




Fig. 5.22 Radiograph of a pulpectomized mandibular 
premolar. The root canal has been filled to an ideal level 
about 1 mm short of the radiographic apex 
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Fig. 5.23 Section from the root end of a tooth which 
was instrumented beyond the apex but filled short of 
the apex. Cell-rich connective (periodontal) tissue has 
grown into the root canal. Apposition of cementum- 
like tissue is seen on the root canal walls (hematoxylin- 
eosin) 



tion may cause problems at a later date. The 
healing after pulpectomy and root canal filling 
occurs in the same manner as after implantation 
of an inert material in connective tissue else- 
where in the body (Fig. 5.24). A fibrous capsule 
forms adjacent to the material and, as discussed 
above, the inflammation that always occurs 
when the pulp is removed, resolves, usually 
within weeks, provided that the root canal filling 
material is in fact tolerated by the tissues. 

Apical dentin chips plug. Unfortunately, the 
root filling materials we have today all cause at 
least a temporary tissue reaction when brought 
in contact with the apical tissue. Efforts have 
been made, therefore, to create a biocompatible 
interface between the pulp stump and the actual 
root canal filling. Materials like hydroxyapatite 
and ceramic powders have been used for this 
purpose with some success. However, the sim- 
plest and most elegant method is to use dentin 
chips from the tooth itself and make an apical plug 
prior to obturating the root canal 



The plug, which should be 0.5-1 mm thick, is 
made by filing dentin chips from the root canal 
wall, bringing them in an apical direction, and 
condensing them carefully against the apical tis- 
sue. Dentin chips have an ability to induce hard- 
tissue formation. As a result the chips in the plug 
are gradually "cemented" together and, in addi- 
tion, a cementum-like tissue readily forms onto 
the plug against the vital tissue of the pulp 
stump or the periodontal ligament (Fig. 5.25). In 
this manner a hard-tissue closure of the root ca- 
nal may be obtained, and the apical tissues are 
protected from possible adverse influences from 
the root filling materials. Moreover, the dentin 
chips plug effectively prevents overfilling of the 
root canal, even if obturation techniques with 
soft or softened materials are used. However, it 
should be emphasized that the dentin chips plug 
may not give a bacteria-tight seal of the canal 
and, even if a plug is made, it is the root canal 
filling materials that must provide the necessary 
seal. 

It should also be mentioned that dentin chips 
may play an important part in periradicular 
healing following pulpectomy, even if they are 
not used intentionally. Experimental findings 
have shown that, during instrumentation of the 
root canal, dentin chips are quite automatically 
pushed into pulpal ends of lateral and accessory 
canals (Fig. 5.26). Hard-tissue formation is in- 
duced and the pulpal openings of the canals are 
sealed off. Peripherally to the plug, the tissue in 
the lateral canals then remain vital and healthy. 

Calcium hydroxide-induced apical bridge. 
An apical hard-tissue barrier may also be in- 
duced by means of calcium hydroxide (Fig. 5.21). 
However, it takes longer for the bridge to form 
apically in the root canal than in the coronal 
pulp, and a period of 3-6 months is not unusual. 
Still, in certain instances, especially in the treat- 
ment of teeth with incompletely formed roots, 
it is advantageous to delay the obturation of the 
canal until an apical hard-tissue barrier has 
formed. 

Root canal obturation. Routinely the root ca- 
nal is filled as soon as the instrumentation is 
completed, i.e., in the same visit as when the 
pulp is removed (Fig. 5.22). Since there is no in- 
fection to worry about in vital teeth, there is no 
reason not to complete the treatment in one vis- 
it. However, for practical clinical reasons, usual- 
ly the lack of time, it may be necessary to post- 
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Fig. 5.24 Root filling material- 
tissue interface. Repair with a 
fibrous capsule adjacent to the 
material is evident. A capsule also 
surrounds the small particles of 
material in the tissue (hematoxy- 
lin-eosin) 



pone the obturation phase of the treatment to a 
second visit. It is then extremely important to 
protect the root canal from becoming infected 
during the period between the visits. An anti- 
septic medicament with long-lasting antibacte- 
rial effect which is well tolerated by human cells 
should be applied to the orifice of the root canal, 
or the root canal should be filled with a calcium 
hydroxide paste. The coronal access cavity is 
then sealed bacteria-tight (see p. 167). 

Postoperative pain. If a pulpectomized tooth 
is asymptomatic when the treatment begins, it 
will usually be asymptomatic when the anesthe- 
sia wears off. However, the apical inflammation 
due to the extirpation of the pulp may cause a 
mild tenderness to percussion that normally will 
be gone in 1-2 days or even sooner. Obviously, 
if the tooth is tender to percussion at the begin- 
ning of the treatment, it will still be tender when 
the anesthesia loses its effect. However, also 
such a tooth will be asymptomatic within a short 
period of time. It should also be mentioned that 
pulpectomy with completion of the treatment in 
one visit does not cause additional postopera- 
tive symptoms, neither in frequency nor inten- 
sity. 



Clinical Considerations 
(see Chapter 11) 

When it has been ascertained that the pulp of the 
tooth is vital, anesthesia is given. Carious dentin 



and leaky fillings are removed and weak cusps 
are cut or reduced to prevent fractures. An ac- 
cess cavity to expose the pulp chamber is then 
prepared, followed by removal of the coronal 
pulp by means of large round burs or sharp ex- 
cavators. The canal orifices are located and the 
access cavity completed. This part of the treat- 
ment is not performed aseptically, mainly for 
two reasons. First, it is difficult or even impos- 
sible to achieve asepsis as long as carious dentin 




Fig. 5.25 Dentin chips plug (DC)-apical pulp stump 
interface in pulpectomized monkey tooth. Hard tissue- 
forming cells (arrows) have laid down a cementum-like 
tissue in areas with root resorption as well as on the 
dentin chips plug. This may result in a hard-tissue 
closure of the root canal (hematoxylin-eosin) 
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Fig. 5.26 a Pulpectomized monkey tooth with lateral (arrows) and a cementum-like tissue (C) has formed 
root canal (arrow), b Dentin chips have inadvertently onto the chips. The tissue in the lateral canal is healthy 
been pushed into the orifice of the lateral canal and free of inflammation (hematoxylin-eosin) 



and infected tissue are present. Second, in diffi- 
cult teeth it is a lot easier to keep one's sense of 
direction and avoid perforations and other com- 
plications when locating the root canal orifices 
before the rubber dam is applied. 

When the coronal pulp has been removed, fur- 
ther treatment should be performed under strictly 
aseptic conditions. A rubber dam is applied and 
the field of operation— the rubber dam, the rub- 
ber dam clamp, the tooth, and especially the 
pulp chamber with the exposed root pulps— is 
thoroughly and conscientiously disinfected. The 
used, nonsterile instruments are removed and a 
tray with sterile hand and root canal instru- 
ments is made available. A tooth-length radio- 
graph is taken with a thin instrument in the ca- 
nal, and, after careful measuring and study of the 
radiograph, the pulp tissue is removed with a 
reamer or file to the apical level judged to be op- 
timal. The root canal is instrumented and pre- 
pared under irrigation with sterile isotonic sa- 
line or a mild antiseptic solution, for example, 
0.5% sodium hypochlorite. The canal is then 
dried with paper points and preferably perma- 
nently obturated. The obturation is checked ra- 



diographically. If an immediate obturation is not 
possible, the root canal is protected from infec- 
tion until it can be filled. A simple and safe so- 
lution is to fill the canal with a calcium hydrox- 
ide paste and to seal the access cavity bacteria- 
tight with zinc oxide-eugenol cement. To be 
reasonably safe, the temporary filling in the ac- 
cess cavity should be at least 3 mm and prefer- 
ably 4-5 mm thick. The rubber dam is then re- 
moved and, most importantly, the filling in the 
access cavity checked before the patient may 
close his mouth. 

At the second visit, if necessary, the tooth is 
examined, a rubber dam is applied, and the field 
of operation is disinfected before the root canal 
is opened. The canal dressing is rinsed out, the 
instrumentation checked, and the root canal is 
dried and obturated. 

Follow-up Examinations and Prognosis 

A number of studies from many parts of the 
world comprising different techniques and root 
filling materials have shown that pulpectomy 
treatment has a very good prognosis. The two 
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factors which have the greatest impact on the out- 
come of the treatment are the adequacy of the ob- 
turation of the root canal, i. e., whether or not a 
bacteria-tight seal is accomplished, and the apical 
level of the root filling. With regard to the latter 
factor, the best results are obtained when the 
root filling ends 1-2 mm, in some studies 1- 
3 mm, short of the radiographic apex. A success 
rate of 90-95 % can be obtained under optimal 
conditions. 



However, failures do occur and clinical-radi- 
ographic follow-up examinations should take 
place 6 and 12 months after the completion of 
the treatment and once a year later as deemed 
necessary. As mentioned above, so-called "tem- 
porary failures" may occur after pulpectomy 
treatment. In such instances, a normal periodon- 
tal contour should be reestablished at the 1-year 
control. 
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6 Treatment of Nonvital Teeth 



By definition, a nonvital tooth is a tooth with a 
necrotic pulp. Pulp necrosis is suspected when a 
tooth does not react to thermal, electric, or me- 
chanical stimulation, but the definite diagnosis 
is established only after inspection and probing 
of the pulp chamber and the root canal. As was 
discussed above, the necrotic pulp tissue and the 
root canal space are infected almost without ex- 
ception, even in teeth which clinically appear in- 
tact (Fig. 6.1). Over time, bacteria in the root ca- 
nal will induce inflammation outside the tooth, 
resulting in the formation of an apical granulo- 
ma or cyst (see p. 33). Treatment of a nonvital 



tooth, therefore, invariably involves the treatment 
of an infectious disease process. 

The objective of treating a nonvital tooth is to 
remove the necrotic tissue and tissue break- 
down products from the root canal, eliminate in- 
fection, seal the root canal bacteria-tight, and 
thereby establish a functioning tooth in a 
healthy periodontium. An apical periodontitis 
which is refractory to conservative endodontic 
treatment may be treated successfully by a sur- 
gical-endodontic approach in which the apical 
granulation tissue, which may be infected, is cu- 
retted out. 




Fig. 6.1 a Colonies of microorganisms in necrotic 
tissue in a root canal, b Bacterial colonies in tissue and 
on the root canal wall, c Large bacterial colony in the 
cervical area of a root canal subjacent to dentin 



exposed to the oral cavity. The root canal of this tooth 
was sealed to the mouth, and the bacteria have gained 
access to the canal through the tubules of the exposed 
dentin (Brown-Brenn stain) 



Conservative Endodontic Treatment 




Indications 

In principle, a conservative approach is indicat- 
ed in the treatment of all nonvital teeth. Tradi- 



tionally, there have been some doubts as to 
whether large periapical lesions would heal fol- 
lowing treatment of the root canal, but with 
modern methods the size of the lesion is of no 
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real concern when the treatment plan is made 
(Fig. 6.2). However, there is still no definite ev- 
idence that periapical cysts respond to nonsur- 
gical treatment, although the circumstantial ev- 
idence to that effect is considerable (Fig. 6.2). 
The main rule, therefore, is that all nonvital teeth 
with or without apical periodontitis should be 
treated conservatively. 

Treatment Principles 

The treatment of the root canal of a nonvital 
tooth can be divided into three main phases: 

1) Chemomechanical instrumentation of the 
canal with removal of necrotic pulp tissue 
and bacteria; 

2) Final disinfection of the canal and creation of 
favorable conditions for periapical healing; 
and 

3) Obturation of the canal with materials ren- 
dering a bacteria-tight seal. 

Chemomechanical instrumentation. The me- 
chanical instrumentation of the root canal is of 
the utmost importance in the treatment of non- 
vital teeth. During this phase the necrotic tissue 
with its colonies of bacteria is physically removed 
from the main root canal. By enlarging and pre- 
paring the canal and giving it its shape for ob- 
turation, most bacteria in the dentinal tubules 
are physically removed as well. However, the 
mechanical instrumentation obviously has no ef- 
fect in crevices and lateral or accessory root canals 
where the instruments do not reach. 

The effect of the mechanical instrumentation 
can be enhanced by the use of chemically active 
preparations during the instrumentation phase. 
These preparations are referred to as root canal 
irrigants, or irrigation solutions, and they are in- 
jected continuously or at intervals into the canal 
during the instrumentation. Different irrigants 
may be used in an alternate fashion to obtain a 
combined effect of the medicaments. Thus, 
medicaments are available which have a cleans- 
ing effect, an antibacterial effect, a detoxifying 
and denaturing effect, and a hard- and soft-tis- 
sue—dissolving effect. Depending on the clinical 
situation, different medicaments may be select- 
ed. However, the main purpose of a root canal 
irrigant should be to aid in the removal of 
necrotic tissue and tissue components, blood 
clots, exudate, and pus. Irrigants with a tissue- 





Fig. 6.2 a Radiographs showing a large radiolucent 
lesion extending from the maxillary right central incisor 
to the third molar. Note the deviation of the roots of 
the teeth. The right lateral incisor is nonvital. b 
Radiographs showing resolution of the lesion over a 
4-year period following endodontic treatment of the 
lateral incisor 



dissolving ability have a good cleansing effect, 
even in crevices and lateral canals where the 
mechanical instrumentation has no effect. The 
cleansing action and the tissue dissolution will 
further lead to an exposure of bacteria that are 
normally embedded in and protected by necrot- 
ic tissue and tissue components or by bacterial 
extracellular polymeric materials so that the an- 
timicrobial action of the irrigant and other root 
canal antiseptics is maximized. 
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The classic root canal irrigant is 0.5% sodium 
hypochlorite atpH9. This solution was first used 
in medicine in the form of a drip in the treat- 
ment of soldiers with grenade wounds in World 
War I. By constantly dripping onto a wound sur- 
face, the sodium hypochlorite would cleanse the 
wound, dissolve necrotic tissue at the wound 
surface, and keep the wound clean and bacteria- 
free. The effect of the medicament is virtually 
the same in the root canal. It has an excellent 
cleansing ability, dissolves and detoxifies 
necrotic tissue, has a certain antibacterial effect, 
and is well tolerated by vital tissue. However, 
the effect of sodium hypochlorite is quickly neu- 
tralized by organic components like tissue rem- 
nants, blood, and exudate in the root canal, and 
consequently the irrigant has to be renewed 
continuously or at frequent intervals. An 
amount of at least 10 mL should be used during 
the instrumentation of a single-rooted tooth and 
comparably more in premolars and molars. 

Sodium hypochlorite is used in concentra- 
tions between 0.5 and 10%. Since the medica- 
ment when used for irrigation is applied in ex- 
cess, a low concentration will be about as effec- 
tive as a solution with higher concentration, and 
it will be less toxic. Thus, a 5% solution is 10 
times as toxic as a 0.5 % solution, but has only 
about twice the antibacterial effect. However, in 
a 5% concentration, sodium hypochlorite has a 
certain dissolving effect on vital tissue. This may 
be beneficial when mechanical removal of tissue 



is difficult, as in side canals and in teeth with re- 
sorption defects. 

Quaternary ammonium compounds are sur- 
face-active agents with a soap-like character, 
and because of these characteristics are widely 
used and quite well suited as root canal irrigants. 
They have a bacteriostatic effect and are well 
tolerated by the tissues. However, like sodium 
hypochlorite, their effect is quickly reduced by 
organic components, and renewed injection into 
the canal at frequent intervals is necessary for 
maximal effect. 

Oxidizing agents like a 3 % solution of hydrogen 
peroxide are used as root canal irrigants as well, 
usually in combination with sodium hypochlo- 
rite. However, sodium hypochlorite is as effec- 
tive when used alone as when combined with 
hydrogen peroxide, and hydrogen peroxide, 
therefore, is presently not widely used. 

None of the irrigants mentioned above has an 
effect on hard tissue or on the smear layer of the 
root canal walls (Fig. 6.3). However, irrigation of 
the root canal with a chelating agent like ethyl- 
enediamine tetraacetic acid (EDTA) which binds 
Ca ++ ions, will effectively remove the smear lay- 
er and dentin chips remaining on the canal wall 
after the instrumentation (Fig. 6.4). 

In the root canal ethylenediamine tetraacetic 
acid (EDTA) is used in a 15% solution at pH 7.4. 
A certain volume of the solution can only bind 
a limited number of Ca ++ ions, and additional 
EDTA must be injected into the canal at frequent 



Fig. 6.3 Scanning electron micro- 
graph of a root canal wall following 
instrumentation and irrigation with 
sodium hypochlorite. A smear layer 
is covering the wall so that the den- 
tin surface cannot be seen (x470) 
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Fig. 6.4 Scanning electron micro- 
graph of a root canal wall following 
instrumentation and irrigation with 
sodium hypochlorite as well as a final 
rinse with EDTA. The smear layer is 
removed and the dentin surface with 
its tubule orifices can be seen (x 300) 



intervals in order for continued Ca ++ -binding to 
take place. EDTA is well tolerated by soft tissues 
and, from a biological point of view, can be used 
safely. The most effective use of EDTA as an ir- 
rigant is in combination with sodium hypochlo- 
rite. These two irrigants supplement each other 
in that one has its effect on necrotic tissue, bac- 
teria, and other organic components in the root 
canal system, whereas the other gives a clean 
root canal wall. Clinically, sodium hypochlorite 
and EDTA may be used alternately during the in- 
strumentation phase. Excellent results are also 
obtained when sodium hypochlorite is used dur- 
ing the instrumentation, and EDTA is used for a 
final irrigation of the canal after the instrumen- 
tation is completed. 

If at all possible, the chemomechanical instru- 
mentation of the root canal should be completed 
in the first visit. If a partial instrumentation is 
done, the environment in the canal is changed 
and the balance that existed in the bacterial flora 
is altered as well. Chances are that certain path- 
ogenic bacteria now may have an opportunity to 
dominate the infection and cause a flare-up or 
exacerbation of the periapical inflammation. 

Iatrogenic flare-ups occur first and foremost 
during treatment of teeth with apical periodon- 
titis, and with optimal treatment will be seen in 
about 5 % of such teeth. The frequency with 
which flare-ups occur is an excellent indicator 
of a dentist's effectiveness and carefulness in en- 
dodontic treatment of nonvital teeth. If the over- 
all frequency is much higher than 2-3% (5% in 
teeth with apical periodontitis), it is a clear mes- 



sage that something is wrong with the dentist's 
therapeutic approach, either conceptually, clin- 
ically, or both. 

Disinfection of the root canal. A thorough 
and complete chemomechanical instrumenta- 
tion in the first visit may render the root canal 
system bacteria-free. However, in most instanc- 
es it results in only an effective reduction in the 
number of bacteria, and an antiseptic medica- 
ment must be applied to the root canal for a period 
of time in order to assure that the last remnants 
of the root canal flora are eliminated. 

Presently, there is disagreement about how 
important this is. It is felt by many that it is of 
no clinical consequence that bacteria are left in 
the root canal system if only the root canal is ob- 
turated bacteria-tight. Remaining bacteria will 
then be sealed in the root and have no effect on 
the periapical tissues. However, from a medical 
point of view this concept may seem hard to de- 
fend. Firstly, pathogenic bacteria should not be 
left in a patient if they can be eradicated, and 
secondly, not all bacteria may be "blocked off," 
but be present in root canal deltas and lateral ca- 
nals that are in continuity with the periodon- 
tium. With our present methods and techniques, 
therefore, endodontic treatment of a nonvital 
tooth should as a rule not be completed in the 
first visit, but in a second visit after a period 
of final disinfection of the root and root canal 
system. 

In traditional endodontic treatment of nonvi- 
tal teeth, little emphasis was put on instrumen- 
tation and tissue management, and much em- 
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phasis was put on disinfection. Sophisticated 
disinfection methods such as diathermy and 
iontophoresis were advocated, and a large 
number of imaginative concoctions of powerful 
antiseptics were used as well. Today, we know 
that medicaments which are effective against mi- 
croorganisms also, as a rule, kill human cells, and 
consequently may cause tissue damage. The dam- 
age which is caused by uncritical use of medi- 
caments in the root canal may, therefore, at 
times exceed the advantages of their use. Rec- 
ognition of this fact led to attempts to find an- 
tiseptics which have the desired effect on the 
microorganisms of the root canal system with- 
out causing unacceptable injury to the periapical 
tissues {selective toxicity). Iodine and chlorine 
preparations as well as quaternary ammonium 
compounds have shown the best results in these 
studies, and from the point of view of selective 
toxicity, are suitable intracanal medicaments in 
the treatment of nonvital teeth. Cresatin, formo- 
cresol, and monochlorphenol are other medica- 
ments used widely for this purpose (Fig. 6.5). 



Although the selective toxicity of the medica- 
ments mentioned above varies, and thereby 
their suitability for use, they have one feature in 
common, namely the fact that they are quickly 
rendered inactive by contact with the dental tis- 
sues and tissue fluids, usually within 24 hours 
(Fig. 6.6). Thus, if any of these medicaments is 
used in the root canal, the canal will be unpro- 
tected 1 day after the placement of the medica- 
ment or even sooner. This means that if the bac- 
teria in the root canal system are not killed dur- 
ing the first day, surviving organisms will begin 
to multiply again, since the canal will contain 
tissue fluids, exudate, and blood, which consti- 
tute an excellent substrate for bacterial growth. 
Also, when the root canal is no longer protected 
by the antiseptic, it may become reinfected by 
bacteria from outside the root canal system. 

Ideally, a root canal antiseptic should have a 
long-lasting antimicrobial effect. In the future, 
intracanal medicaments in controlled-release de- 
livery systems will undoubtedly be available (Fig. 
6.7). At present, prolonged antibacterial action 
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Fig. 6.6 a A cotton pellet with fresh formocresol is 
placed on a pour plate with Streptococcus species. After 
incubation for 24 h, a zone of inhibition of the growth 
of the bacteria is seen surrounding the cotton pellet 
with the medicament, b Cotton pellet with formocresol 
which was sealed in the pulp chamber of an 



instrumented, nonvital dog tooth for 24 h is placed on 
a pour plate with Streptococcus species. After 
incubation for 24 h, the bacteria are seen growing in 
contact with the cotton pellet. The formocresol had 
lost its antibacterial effect 



can be readily and effectively obtained by filling 
the root canal with a paste of calcium hydroxide 
and isotonic saline. The use of calcium hydroxide 
in the treatment of nonvital teeth developed 
empirically. It was noted that when placed in the 
root canal, calcium hydroxide has a striking ef- 
fect on periapical exudation. This was taken as 
evidence that the material has an anti-inflam- 



matory effect, i.e., it has the ability to bring a 
periapical inflammation from the exudative 
stage to a stage of repair. It was also noted that 
periapical lesions quickly show radiographic 
signs of healing in teeth with calcium hydroxide 
in the root canal, and that complete repair reg- 
ularly occurs in 2-3 months (Fig. 6.8). 




Fig. 6.7 Antiseptic in a controlled- 
release delivery system. The dispen- 
sers were sealed in the pulp chamber 
of instrumented, nonvital dog teeth 
for 6 weeks and were, after removal, 
placed on a pour plate with Strepto- 
coccus species. After incubation for 
24 h, zones of inhibition of bacterial 
growth are seen surrounding the 
dispensers, indicating that the anti- 
septic is still being released after 
6 weeks of contact with dentin and 
tissue fluids in the root canal 
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Fig. 6.8 a Radiograph of a 
maxillary incisor with root 
fracture and a large radio- 
lucency in conjunction with 
the fracture line. Calcium 
hydroxide treatment of the 
coronal fragment (apexifi- 
cation) is initiated, b After 
2 months, near complete re- 
solution of the radiolucent 
lesion is observed, c Radio- 
graph of a maxillary molar 
with interradicular periodon- 
titis and suspected oral com- 
munication. Long-term calci- 
um hydroxide treatment is 
initiated, d After 1 0 weeks, 
resolution of the radiolucent 
lesion is evident 




The modes of action of calcium hydroxide are 
only partially understood. When mixed with sa- 
line, the resulting paste has a pH of 12.5. More- 
over, calcium hydroxide has a disassociation co- 
efficient of 0.17, which means that if placed in 
the root canal, it will become ionized and dis- 
solve slowly and steadily in the fluids of the den- 
tinal tubules, the lateral and accessory canals, 
and the periapical tissue. In other words, there 
is a controlled, long-lasting release of Ca ++ and 
OH" ions from the paste in the root canal. Con- 
sequently, calcium hydroxide will have a control- 
led, long-lasting therapeutic effect. 

The therapeutic effect of calcium hydroxide is 
clearly related to the hydroxyl ions which will 
lead to a lowered oxygen tension and an in- 



crease in the pH in the inflamed periapical tis- 
sue. A low oxygen tension in the tissue favors 
bone formation and repair, and a favorable effect 
of an alkaline environment on mineralization is 
also evidenced by the high pH found in the 
growth plate at the mineralization front of 
bones. A possible therapeutic effect of the calci- 
um ions is less well understood, but apparently 
they may have a stimulating effect on certain al- 
kaline phosphatases, which are enzymes con- 
nected with hard-tissue formation. It is also pos- 
sible that the calcium ions have a beneficial ef- 
fect on the local immune response. 

With a pH of 12.5, a calcium hydroxide paste 
has an excellent and exceptionally broad antibac- 
terial effect. No known endodontopathogens can 
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survive at this pH, and will be killed instantly 
when directly exposed to the paste. However, in 
crevices of the main canal and especially in lat- 
eral and accessory canals where the chemome- 
chanical instrumentation has only a limited ef- 
fect, the bacteria may be embedded in and pro- 
tected by necrotic tissue components and 
bacterial extracellular material, and may survive 
the influence of an antiseptic for considerable 
time. Even in such inaccessible areas of the root 
canal system, the bacteria can be expected to 
eventually die out under the constant and long- 
lasting influence of calcium hydroxide, but a 
long-term exposure to the drug, i.e., weeks and 
even months may be necessary in some instanc- 
es (Fig. 6.9). 

The long-lasting antibacterial effect of the cal- 
cium hydroxide paste is highly dependent on a 
constant high alkalinity of the paste. Thus, rather 
common root canal organisms like Enterococcus 
faecalis may survive in an environment with a 
pH up to 11. Blood, exudate, dental tissues, and 
tissue fluids will readily lower the pH of the cal- 
cium hydroxide paste, and in teeth with severe 
exudation from the periapical tissues, the paste 
in the apical part of the canal may have a pH of 
8 within 2-3 weeks after placement. The paste 
will then have lost its antibacterial effect. How- 
ever, due to its anti-inflammatory effect, even a 
severe periapical exudation may have stopped 
at this time. The "used" calcium hydroxide paste 



Fig. 6.9 a Radiograph of a maxillary molar with apical 
periodontitis and a palatal fistula from the palatal root. 

The tooth was completely instrumented in the first visit 
(buccal root canals calcified) and treated with calcium 
hydroxide for 3 weeks. At the second visit, the patient 
was asymptomatic, the fistula had closed, and the root 
canals were obturated, b At 3-month control, the 



is, therefore, removed, the root canal is irrigated 
and dried, and new, clean calcium hydroxide 
paste with the right alkalinity is packed into the 
canal. Bacteria anywhere in the root canal sys- 
tem that might have survived the first applica- 
tion of calcium hydroxide should now effective- 
ly be killed. However, in most instances the root 
canal can be dried to such an extent at the first 
visit that a one-time application of calcium hy- 
droxide for 2-3 weeks is sufficient to obtain a 
bacteria-free root canal system. 

An additional aspect of the therapeutic effect 
of calcium hydroxide is its ability to denature 
proteins. Necrotic tissue influenced by calcium 
hydroxide will swell to twice its size and be dis- 
solved by sodium hypochlorite twice as fast as tis- 
sue untreated by calcium hydroxide. Tissue rem- 
nants left behind in the root canal after the ch- 
emomechanical instrumentation can, therefore, 
readily be dissolved and rinsed out with sodium 
hypochlorite following a period of a week or 
longer with calcium hydroxide in the canal. Sim- 
ilarly, the content of lateral and accessory canals 
and other areas in the root canal system which 
cannot be reached by instruments will be influ- 
enced by the combined action of calcium hy- 
droxide and sodium hypochlorite, resulting in 
an optimally cleaned root canal system. 

It also appears that the actual filling of the root 
canal with a material with the properties of a 
calcium hydroxide-saline paste is beneficial for 




palatal fistula has recurred, the root filling is removed 
from the palatal canal and long-term calcium hydroxide 
treatment is initiated. cThe fistula closed immediately, 
and after 3 months the periapical lesion had resolved. 
Only then was the palatal root canal again permanently 
obturated 
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the periapical repair processes. When a tradi- 
tional antiseptic is applied to an empty root ca- 
nal by means of a cotton pellet, an exudate con- 
sisting of tissue fluids, cells, bacteria, and bacte- 
rial products and components will fill the canal. 
The exudate as such may maintain a periapical 
inflammation, but most importantly it is an ex- 
cellent substrate for bacterial growth. The pos- 
sibilities of reinfection of the root canal between 
visits under these circumstances are quite real. 
The use of calcium hydroxide, on the other hand, 
will effectively prevent exudate from filling the 
root canal, and by virtue of its presence and its 
long-lasting antibacterial effect will prevent re- 
infection of the canal. 

Obturation of the root canal. The effective- 
ness of the chemomechanical instrumentation 
and disinfection of the root canal is normally 
evaluated clinically. If the patient is asymptomat- 
ic and the root canal remains dry after the intra- 
canal medicament has been removed and the ca- 
nal has been irrigated and dried, it is assumed that 
the periapical inflammation is at a stage of repair. 
This can be expected at the first visit following 
the visit with complete instrumentation of the 
canal, i. e., usually in the second visit, and the root 
canal can then be permanently obturated. 

Sometimes the criteria for final obturation are 
not achieved in two visits. The reasons for the 
unfavorable tissue reactions should then be de- 
termined, if possible, before the treatment is 
continued. The primary concern is whether the 
chemomechanical instrumentation has been 
performed satisfactorily. The canal may not have 




Fig. 6.10 Radiograph showing perforations of teeth in 
the cervical area during preparation of access cavities 
under a rubber dam. The operator has clearly 
misjudged the longitudinal direction of the teeth 



been enlarged enough or a canal may have been 
missed. In any case, insufficient instrumentation 
with remaining infection is by far the dominat- 
ing cause of persistent tissue reactions. Micro- 
biological culturing of the root canal content 
may provide useful information in such instanc- 
es (see p. 117). 

If infection is suspected at the second visit, 
and the instrumentation of the root canal ap- 
pears to have been carried out well, the problem 
may be caused by reinfection because of a leaky 
temporary filling, inadequate old restorations, 
caries, cracks, fractures, or similar causes. There- 
fore, after renewed chemomechanical instru- 
mentation and application of the intracanal an- 
tiseptic, the coronal seal must be checked most 
carefully. Remember that a temporary filling 
should preferably be 4-5 mm thick in order to 
provide a safe bacteria-tight seal. If symptoms, 
exudation, or fistulae persist after repeated 
treatment of a tooth, it is useless to keep chang- 
ing the intracanal dressing. An analysis of the 
probable causes of the problem must be carried 
out and effective therapeutic measures taken 
(see p. 116). 

Clinical Considerations 

The access cavity is prepared in the tooth and 
the root canal orifices are located before a rubber 
dam is applied. This is even more important in 
nonvital than in vital teeth in that, in these teeth, 
the root canals are often calcified because of a 
long-standing chronic inflammation before the 
pulp finally necrotizes. It may, therefore, be dif- 
ficult to localize the root canal orifices, and cal- 
cified tissue may have to be removed with ro- 
tating instruments. In this situation it is helpful 
to see the entire tooth and the neighboring teeth 
with adjacent structures for orientation purpos- 
es so as to avoid root perforations and other mis- 
haps (Fig. 6.10). 

When the orifices are located, a rubber dam is 
applied and the field of operation is disinfected as 
described for vital teeth (see p. 102). The treat- 
ment then continues with sterile instruments 
and under surgical-aseptic conditions. First, the 
length of the root canal is established by means 
of a tooth-length radiograph taken with an in- 
strument in the root canal. Theoretically, the 
root canal of a nonvital tooth should be instru- 
mented to the apical foramen to ensure the re- 
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moval of all necrotic tissue. However, as with vi- 
tal teeth, it is usually not possible to determine 
the exact position of the foramen. Therefore, the 
practical rule to follow in nonvital teeth is to end 
the mechanical instrumentation of the root canal 
1 mm short of the radiographic apex. In this way 
practically all necrotic tissue will be removed, 
and in most instances the instrumentation will 
be confined within the canal with the possibility 
of creating an apical stop to facilitate the obtu- 
ration of the canal (Fig. 6.11). 

Remember that over-instrumentation of the 
root canal of nonvital teeth is an effective way 
to carry bacteria to the periapical tissues, often 
resulting in an exacerbation of an asymptomatic 
periapical inflammation. 

As discussed above, the root canal will not 
routinely be bacteria-free after the chemome- 
chanical instrumentation. Consequently, the 
root canal in nonvital teeth should not be obtu- 
rated in the first visit For further disinfection of 
the canal it is important to understand that the 
antiseptic medicament used has to come in con- 
tact with the bacteria in order to kill them. Thus, 
vaporizing medicaments like iodine- and forma- 
lin-containing drugs may be applied to the pulp 
chamber, whereas nonvaporizing medicaments 
will have to fill the root canal system to have an 
effect. 

If calcium hydroxide is used, it is mixed with 
saline to a creamy mix. It is applied to the pulp 
chamber with a plastic instrument and intro- 
duced into the root canal by means of a lentulo. 
When the canal appears filled, excess water is 
removed with paper points and the paste is con- 
densed with a plugger or similar instrument. Ad- 
ditional calcium hydroxide paste is then applied 
with the lentulo and condensed at the canal or- 
ifice with cotton pellets. When the canal is ad- 
equately filled, excess paste on the walls of the ac- 
cess cavity is carefully removed and a temporary 
filling which gives a bacteria-tight seal is finally 
placed in the access cavity. 

The time between the first and second visit de- 
pends on the type of intracanal antiseptic used. 
With a traditional antiseptic the time should be 
short (days) since the medicament loses its ef- 
fect within hours of placement in the canal. A 
third appointment may, therefore, become nec- 
essary before the criteria for obturating the root 
canal are fulfilled (asymptomatic patient, dry 
root canal). An antiseptic in a controlled-release 



delivery system offers greater convenience be- 
cause the time interval between appointments 
may be considerably increased. Possible symp- 
toms of an apical periodontitis may then have 
time to subside and periapical exudation may 
stop. At present a calcium hydroxide-saline 
paste appears to fulfill these requirements of an 
intracanal antiseptic the best. The paste in the 
canal will act as a depot and continuously re- 
lease Ca ++ and OH" ions for weeks and months. 
A period of 2-3 weeks between appointments is 
as a rule enough in that the pH in the dentinal 
tubules reaches its peak during this time. The 
bacteria in the root canal system and the root 
dentin should then be killed and the periapical 
inflammation will have subsided so that the root 
canal can be dried and filled under optimal con- 
ditions. This method, which is referred to as 
short-term calcium hydroxide treatment, makes 
for effective and problem-free endodontics (Fig. 
6.12). 




Fig. 6.11 Section of a nonvital dog tooth. The 

instrumentation of the root canal has been carried out 
according to the apical box method and ends 1 mm 
short of the apex. In this way, a stop to facilitate the 
obturation of the canal has been created in spite of 
apical resorption. The root canal is clean and if the 
infection has been eliminated, periapical healing will be 
predictable and fast (hematoxylin-eosin) 
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Fig. 6.12 a Radiograph of a mandibular premolar with 
asymptomatic apical periodontitis. The root canal is 
completely instrumented in the first visit and calcium 
hydroxide is packed into the canal to complete the 
disinfection of the root. (When an ill-fitting crown is not 
removed until after the endodontic treatment, it is 



imperative to establish an intracoronal bacteria-tight 
seal.) b In the second visit after 3 weeks, the patient 
remains asymptomatic and no periapical exudation is 
seen. The root canal is then obturated, c At the 3- 
month control, resolution of the periradicular lesion is 
evident 



Long-term calcium hydroxide treatment may 
be the method of choice in special cases. It is 
used in the treatment of teeth with large peri- 
apical lesions, severe periapical exudation, in- 
complete root formation, progressive external 
inflammatory resorption, and in the retreatment 
of teeth where conventional treatment has 
failed. In other words, the long-term calcium 
hydroxide method is used in situations in 
which we want to maximize the effect of our 
treatment. 

With this method the tooth is treated with 
calcium hydroxide until periapical healing is 
complete or is at least well under way, i.e., for 
3-12 months or even longer (Figs. 6.8, 6.9, 6.13, 
6.14). The medication is changed after 2- 
3 weeks and then normally every 3 months. The 
purpose of the treatment is to maximize the an- 
tibacterial treatment of the root canal system 
and to favorably influence hard- and soft-tissue 
repair processes in the tooth and periradicular 
tissues. An additional benefit of the method is 
that tissue responses or, just as importantly, lack 
of responses can be determined relatively quick- 
ly. This may be important for the overall treat- 
ment plan of the patient. 

Antibiotics should be given prophylactically in 
conjunction with endodontic treatment of non- 
vital teeth to certain patients. They are patients 



with heart valve injury, acute glomerulonephri- 
tis, or diabetes that is difficult to control, pa- 
tients on steroid therapy, and a steadily increas- 
ing number of patients who have undergone 
open heart surgery. Patients with implants and 
pacemakers should also be included in this 
group. Prophylactic antibiotic treatment should 
be performed with bactericidal medicaments, 
normally amoxicillin. The dose is given a half to 
1 hour before the treatment begins, which 
means that the patient may receive the medica- 
ment in the waiting room. The regime for pro- 
phylactic use of antibiotics may differ somewhat 
from country to country. For legal reasons, 
therefore, one should use the regime exactly as 
recommended by local authorities, heart associ- 
ations, or similar institutions. 



Follow-up Examinations and Prognosis 

Endodontic treatment of nonvital teeth has an 
excellent prognosis. For teeth with necrotic pulp 
without radiographically visible periapical in- 
flammation, a success rate of 90-95 % is within 
reach. This is the same success rate as for 
pulpectomy treatment of vital teeth. Temporary 
failures, which are occasionally seen after 
pulpectomies, will not occur after correct treat- 
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Fig. 6.13 a Radiograph of the maxil- 
lary left central and lateral incisors 
with apical periodontitis and palatal 
abscess. Both teeth are nonvital. bTo 
maximize the antimicrobial and anti- 
inflammatory treatment, long-term 
calcium hydroxide therapy is initiat- 
ed. Calcium hydroxide-saline paste is 
packed into the canals and, to main- 
tain the all-important high alkalinity, 
is changed after 3 weeks, c When the 
periapical exudation has stopped, the 
paste is changed about every 
3 months until periapical healing is 
complete or at least well in progress, 
d The root canals are then obturated 
permanently 




d 



ment of nonvital teeth. However, severe over- 
instrumentation of the canal or excess root canal 
filling material in the periapical tissues, or both, 
may lead to periapical radiolucencies which may 
later disappear. 

The prognosis of endodontic treatment of 
teeth with radiographically visible apical perio- 
dontitis may be 80-85 %, which is 10-15 % poor- 
er than for vital teeth or nonvital teeth without 
periapical radiolucencies. Thus, good clinical 
and radiographic examination routines are im- 
portant also in this regard, since necessary en- 




dodontic treatment is best performed before an 
apical periodontitis has had a chance to develop. 

Clinical and radiographic follow-up examina- 
tions of endodontically treated nonvital teeth 
must be performed. Intervals of 3-6 months in- 
itially, and, if necessary, once a year until healing 
has occurred are appropriate. When a periapical 
radiolucency has disappeared and a normal per- 
iodontal ligament space has been reestablished, 
the treatment can be considered successful 
and subsequent follow-up examinations are not 
necessary. 
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Fig. 6.14a Radiograph of mandibular 
molars with technically excellent root 
canal filings, b After 2 years, an intra- 
oral fistula became evident. It was 
traced to the mesial root of the first 
molar where an apical radiolucency 
had developed, c Retreatment of the 
mesial root is initiated and maximized 
by long-term calcium hydroxide thera- 
py, d When periapical healing is com- 
plete, the mesial root is again perma- 
nently obturated 




Periapical repair may occur relatively quickly 
and be completed within 3-6 months, but 
sometimes several years may pass before even 
small periapical radiolucencies disappear. If a 
radiolucency remains after 4 years in a symp- 
tom-free tooth with an adequately filled root ca- 
nal, it will be necessary to make a decision 
whether the root filling should be revised, sur- 
gical treatment performed, or if the treatment 



should be considered successful. Periapical re- 
pair with the formation of fibrous connective 
tissue rather than bone does occur and makes 
this decision difficult in many instances (Fig. 
2.27). However, the general rule should be that 
in healthy elderly patients, reserve should be ex- 
ercised, and the follow-up examinations may be 
continued at 2-3 year intervals when small ra- 
diolucencies do not increase in size. 
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As discussed above, 15-20% of nonvital teeth 
with apical periodontitis have been found to fail 
following conventional endodontic treatment. 
The reason for the failures are bacteria in the 
root, the root canal system, the periapical lesion, 
or in all of the above, which have survived the 
treatment and are able to maintain the inflam- 
matory disease process in the periapical tissues 
after the treatment is completed. Many of these 
teeth will heal following retreatment (Fig. 6.14). 
However, a certain number of cases are refrac- 
tory to conventional endodontic treatment, usu- 
ally because of established extraradicular infec- 



tions (Fig. 6.15) (see p. 37). These infections are 
usually polymicrobial and dominated by Gram- 
positive species known from studies of the mi- 
croflora of the root canal and the periodontal 
pocket. However, in cases with long-standing 
fistulas or where root canals have been left open 
to the oral cavity for any length of time, super- 
infections with enteric and environmental mi- 
croorganisms and yeast may occur. The refrac- 
tory cases may heal following additional treat- 
ment, and treatment methods that have shown 
success singly or in combinations will be out- 
lined. 
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Fig. 6.1 5 Scanning electron micrographs of root 
surfaces of teeth with refractory apical periodontitis. 

a Bacterial colonies in structureless material, probably 



Systemic Antibiotic Treatment 

The fact that bacteria in the periapical tissues 
may be the reason for the failure of the conven- 
tional methods immediately makes systemic an- 
tibiotic treatment a logical second alternative 
(Fig. 6.16). However, an increasing number of 
bacteria are resistant to one or more antibiotics 
so that the choice of drug often proves difficult. 
A microbiological sample, therefore, may be tak- 
en in these refractory cases to determine the 
type and sensitivity of the infecting bacteria. If 
the failure is apparent before the root canal is 
obturated, microbiological samples are taken 
from the canal. Otherwise samples may be taken 
through the opening of a fistula, or if need be, 
the periapical lesion may be exposed surgically 
so that microbiological samples can be taken di- 
rectly from the lesion. In all sampling procedures 
it must be remembered that the endodontic flora 
is, in principle, anaerobic; thus, an anaerobic cul- 
turing technique has to be applied. 

Bacteriological sampling from root canal. 
Before the sampling is performed, the root canal 
is left empty without an antiseptic for 1 week. 




b 



extracellular polysaccharide, outside the apical 
foramen, b Bacterial colonies in tissue on root surface 
within granuloma 



During this period the access opening to the ca- 
nal is sealed bacteria-tight, so that only bacteria 
in the dentinal tubules, lateral and accessory ca- 
nals, periapical tissues, or in all of the above may 
enter the main root canal. Prior to the sampling, 
a rubber dam is applied to the tooth and the field 
of operation is cleaned and repeatedly washed 
with a surface antiseptic like chlorhexidine or 
povidone-iodine. The root canal is then exposed 
and sterile paper points are used to suck up ex- 
udate in the canal. If necessary, the canal is filled 
with sterile saline and further points are intro- 
duced into the canal, sometimes after a certain 
filing of the canal walls. The paper points are 
placed in vials with a transport medium for 
anaerobic bacteria, and the samples are sent to 
a microbiological laboratory for identification 
and testing of the bacteria's sensitivity to vari- 
ous antibiotics. 

Bacteriological sampling from fistula. The 
area with the fistula is isolated as best as possi- 
ble from the rest of the oral cavity with cotton 
rolls and gauze pads. The gingiva and mucosa, 
including the fistula, are then washed repeat- 
edly with a surface antiseptic. If pus can be 
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Fig. 6.16 a Radiograph of a mandibular molar with a 
nonresponding periapical radiolucency on the distal 
root, b Four weeks following apparently successful 
retreatment of the distal root, the patient returns with 
slight swelling and a fistula in the oral vestibule from 



the distal root. A bacterial sample is obtained from the 
fistula and systemic penicillin treatment is initiated, 
c The fistula closes and at the 1 -year control, resolution 
of the periapical lesion is evident without further 
treatment 



squeezed out of the fistula, this is collected on 
paper points. The mucosa is then stretched with 
two fingers so that the fistula is maximally open 
and a paper point is introduced into the fistula 
to further suck up exudate. At least two paper 
points are used and the points are introduced 
into a vial with anaerobic transport medium. 

Bacterial sampling from periapical lesion. 
The teeth, gingiva, and mucosa are washed re- 
peatedly with a surface antiseptic. A full-thick- 
ness flap is raised and the periapical lesion is ex- 
posed and opened under aseptic conditions. 
Sterile paper points (at least three) are then in- 
troduced into the lesion toward the root end, 
and upon removal they are placed in a vial with 
anaerobic transport medium. When the granu- 
lation tissue has been curreted out, scrapings 
from the root tip or the root tip itself may be re- 
moved and introduced into the transport medi- 
um. In this way it should be fairly certain that 
the infecting bacteria are recovered for study. 

Depending on the culturing results, an antibi- 
otic is selected. Often a combination of drugs 
may offer therapeutic advantages over single 
preparations. If culturing is not performed, peni- 
cillin is the first drug of choice, both for medical 
and legal reasons. A combination of penicillin 
and metronidazole with its special effect on 
anaerobes may be an even better choice. Clin- 
damycin is also an excellent alternative, and 



clindamycin is the drug of choice in patients al- 
lergic to penicillin. 

Surgical Treatment 
(see p. 125) 

Systemic antibiotic treatment of periapical le- 
sions refractory to endodontic treatment may be 
very effective. Fistulae may disappear within 
days and regeneration of periapical bone may 
occur within months (Fig. 6.16). However, in 
some instances, this treatment has no appreci- 
able effect and a surgical removal of the lesion 
may be required (Fig. 6.17). The purpose of the 
surgical treatment is to remove the periapical le- 
sion with possible surviving bacteria and prefer- 
ably the apical 1-3 mm of the root tip which may 
have an apical delta of accessory canals which 
conceivably constitute a further habitat for endo- 
dontopathic bacteria. In addition, the apical seal 
of the root canal may be checked and, if neces- 
sary, improved upon with a retrograde root 
filling. 

The periapical surgical treatment is effective 
in that it is directed at the possible causes of fail- 
ure, namely bacteria either in the apical part of 
the root, the periapical lesion, or both. Tradition- 
ally, therefore, surgical removal of a refractory 
lesion has not routinely been combined with 
systemic antibiotic treatment. However, failures 
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Fig. 6.1 7 a Radiograph of mandibular 
incisor 2 years following endodontic 
treatment. Periapical healing has not 
occurred, b During retreatment, which 
was ineffective, a fistula to the oral 
vestibule opened up. Systemic antibio- 
tic treatment following sampling and 
identification of infecting microorga- 
nisms was ineffective as well, c The 
root canal was then obturated and an 
apicoectomy performed, d At 6-month 
control, periapical healing is evident 



after surgical treatment do occur, usually be- 
cause of persistent infection, and it is good clin- 
ical practice to cover the patient with an appro- 
priate antibiotic during the postoperative repair 
phase. Many postsurgical failures will then be 
prevented. 

It should be noted that failures after surgical 
removal of refractory lesions occur either be- 
cause bacteria which were present in the tooth, 
the lesion, or both, are not removed during the 
operation, or because the operator introduces 
new bacteria into the surgical wound. In this re- 
gard, irrigation of the wound with tap water 
should be particularly warned against, especially 
from the water syringe of the dental unit. The 
syringe, which is often heated, functions as an 
incubator for bacterial growth, and counts of 
15 000 bacteria per mL have been observed in 
the water in the syringe. As an example, patho- 



genic organisms like Pseudomonas aeruginosa 
may survive in water for long periods of time, 
and if transferred to a surgical wound, may cause 
an infection that is extremely difficult to treat. 

Prognosis 

An innovative and aggressive systemic antibiot- 
ic therapy aimed at specific bacteria present in 
the individual case may save many teeth with 
apical periodontitis refractory to conventional 
treatment. When combined with surgical re- 
moval of the periapical lesion, additional refrac- 
tory cases can be successfully treated. This ap- 
proach to the treatment of teeth which fail fol- 
lowing conventional methods will conceivably 
bring the success rate of the treatment of non- 
vital teeth with apical periodontitis up to around 
95%. 
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Treatment of Immature Nonvital Teeth 




From a biological point of view, the treatment of 
nonvital immature teeth does not differ from the 
treatment of nonvital fully formed teeth. The in- 
fected necrotic tissue in the root canal is re- 
moved by chemomechanical instrumentation, 
the root canal is disinfected, and when the canal 
is dry and the patient has no symptoms, the root 
canal is obturated. However, the obturation of 
the root canal in an immature tooth is extremely 
difficult because of the blunderbuss shape of the 
canal with its widest diameter at the apex of the 
tooth. The treatment of choice in such teeth, there- 
fore, is the induction of a hard-tissue barrier at the 
apical end of the root canal to facilitate the sub- 
sequent obturation of the canal without voids and 
excess material in the periapical tissues. This 
treatment procedure is referred to as apexifica- 
tion. 

Apexification 

The hard tissue-inducing effect of calcium hy- 
droxide /mown from, for instance, pulp capping, 
is utilized to attain apexification of nonvital im- 
mature teeth. The calcium hydroxide paste ob- 
viously has the same effect when used apically 
as when used in the coronal pulp, but the apical 
tissue is usually not pulp tissue, but periodontal 
tissue or even granulation tissue, and the apical 



hard-tissue response, therefore, is different from 
the pulpal response. Most often a cementum- 
like tissue is recognized in the apical hard-tissue 
barrier (Fig. 6.18). Other times the tissue is so 
irregular that all that can be said about it is that 
it is a mineralized tissue. The hard-tissue barrier 
is usually also irregular in that it contains inclu- 
sions of soft tissue. The degree of irregularity ap- 
parently depends on the type of apical tissue. 
Thus, if vital pulp tissue is present at the apex, 
dentin is formed, and in such instances the 
Hertwig's root sheath may be fully or partially 
intact as well and the root development may 
continue (Figs. 1.44, 6.19). Otherwise, the apical 
hard-tissue barrier will always be a more or less 
complete bridge across the root canal at the lev- 
el of the root where the development of the 
tooth had stopped when the pulp and the root 
sheath necrotized (Figs. 6.18, 6.20). 

As appears from the above, the apical hard-tis- 
sue bridge does not seal the root canal. It only 
renders a barrier against which a bacteria-tight 
seal of the canal may be achieved by means of the 
root filling materials. 

Technically, an apexification procedure fol- 
lows the guidelines for long-term calcium hy- 
droxide treatment of teeth with apical periodon- 
titis. The calcium hydroxide paste is packed into 
the root canal with good contact to the periapi- 



Fig. 6.1 8 Root end of an immature 
maxillary incisor. A cementum-like 




tissue is bridging the wide root canal at 
the apex of the root following calcium 
hydroxide treatment for 1 2 months 
(apexification; hematoxylin-eosin) 
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cal tissues. It is first changed 2-3 weeks later, at 
which time any periapical exudation will have 
stopped. Then, when new, clean calcium hy- 
droxide paste has been introduced into the ca- 
nal, it usually only needs to be changed every 
3 months. However, in very young patients 
when the root canal is extremely wide, the cal- 
cium hydroxide paste may dissolve and wash 
out from the root canal so quickly that, at least 



at the beginning of the treatment, it may have 
to be changed more often than every 3 months. 
Granulation tissue which often grows into the 
apical area of a wide open root canal is some- 
times difficult to remove with instruments. 
However, it will necrotize when calcium hy- 
droxide is packed into the canal, and at the sec- 
ond visit can be rinsed out of the canal with 
sodium hypochlorite (Fig. 6.21). Usually it takes 
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Fig. 6.19 a Radiograph of an avulsed and replanted maxillary right central incisor in a 7-year-old. b Five-year 
control. Continuation of the root development following endodontic treatment is evident (apexigenesis) 



Fig. 6.20 a Radiograph of a nonvital, 
immature maxillary left central inci- 
sor with apical periodontitis. Long- 
term calcium hydroxide therapy is 
carried outto obtain resolution of the 
periapical lesion and apexification of 
the root, b After 1 2 months, periapi- 
cal healing is evident and an apical 
hard-tissue bridge has formed. The 
root canal is then obturated and the 
tooth is restored with the acid-etch 
resin technique. Note the difference 
in the root length of the central 
incisors 
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Fig. 6.21 a Radiograph of a maxillary left central incisor 
with arrested root development and a wide root canal. 

b Apically in the canal, a tenacious granulation tissue is 
nearly impossible to remove with instruments. Calcium 
hydroxide is then packed tightly against the tissue. 



c At the next visit 1 week later, the apical tissue is 
necrotized due to the influence of calcium hydroxide. 
It is rinsed out and the entire root canal can be filled 
with the apexification paste 



from 6-18 months for the apical barrier to 
form and be strong enough that the canal can be 
obturated. 

Follow-up Examinations and Prognosis 

Due to the long-term nature of the apexification 
procedure, periapical healing is usually a fact 
long before the immature tooth is ready to be 
obturated (Fig. 6.8). It should be mentioned, 
however, that the formation of an apical hard- 
tissue barrier in itself is no criterion for periapi- 
cal healing. Nonvital immature teeth are usually 
traumatized, and undiagnosed problems like 
vertical root fractures or marginal-apical perio- 
dontal communications may allow ingress of 
bacteria from the oral cavity to sustain a peri- 
apical inflammation. In such teeth an apical bar- 
rier may form without periapical healing (Fig. 
6.22). 

The frequency of periapical healing and apical 
hard-tissue closure of nonvital immature teeth 
after long-term calcium hydroxide treatment is 
in the range of 90-95 %, which shows that the 
treatment is predictable. For the sake of com- 



parison it should be mentioned that if an apexi- 
fication procedure is not performed prior to ob- 
turating the root canal of immature teeth, the 
success rate of the treatment is less than 50%. 

However, the fact that an apical hard-tissue 
bridge takes months to form has led to attempts 
to use other methods to close off the open apex 
so that a blunderbuss root canal can be filled af- 
ter a normal period of disinfection of 2-3 weeks. 
This has proved difficult in that any material that 
is condensed in an apical direction readily is 
pushed beyond the apex and into the periapical 
tissues, often without bridging the foramen suf- 
ficiently so that the canal can be filled bacteria- 
tight. Still, somewhat acceptable results have 
been obtained in parallel-walled root canals 
where the foramen is not too wide by scraping 
off dentin chips from the root canal walls and 
condensing them to a plug in the apical area. The 
dentin chips are exceptionally well tolerated by 
the periodontium since they are taken from the 
patient's own dentin. They are "cemented" to- 
gether in the tissue fluids and root cementum 
forms onto and covers the periodontal surface 
of the plug (Fig. 6.23). Similar results have been 
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Fig. 6.22 Section of an immature maxillary incisor after 
18 months of calcium hydroxide (apexification) 
treatment. Resolution of a periapical lesion did not 
occur. The tooth was extracted and a vertical root 
fracture became evident (hematoxylin-eosin) 




Fig. 6.23 Root tip of immature monkey tooth. Prior to 
root filling, dentin chips have been condensed to a plug 
in the apical area of the root canal. Root cementum has 
formed onto and covers the periodontal surface of the 
plug. The periodontal ligament is free of inflammation. 



reported by the use of a new cement, mineral 
trioxide aggregate (MTA), to form an apical plug 
after disinfection of the root canal. This material 
appears to be well tolerated by the periodon- 
tium and root cementum has been observed 
forming onto the periodontal surface of the MTA 
plug. However, no long-term follow-up studies 
on the use of these methods are available. 



Endodontic Treatment of Root-Fractured Teeth 



Only about 20 % of root-fractured teeth will be 
in need of endodontic treatment, and by far the 
most endodontic problems are located to the 
coronal fragment of the teeth. The reason for this 
is that the coronal fragment may be displaced 
by the injury so that the pulpal blood vessels are 
severed at the fracture site. The pulp tissue of 
the coronal fragment will then become necrotic, 
whereas in the apical fragment, which was not 
displaced, the pulp tissue most often remains 
vital. 

Thus, in general, endodontic treatment of a 
root-fractured tooth will entail treatment of a 
nonvital coronal fragment The treatment follows 
the guidelines for the treatment of nonvital 
teeth and the root canal can be filled when it is 
dry and the patient is asymptomatic. However, 
root fractures often occur in young teeth with 
wide root canals. Long-term calcium hydroxide 
treatment of the coronal fragment with induc- 
tion of a hard-tissue barrier toward the fracture 



line is then the treatment of choice (Fig. 6.24). 
The hard-tissue barrier then makes it possible to 
obturate the coronal root canal without imping- 
ing on the fracture line area. The treatment is 
performed as described for apexification of non- 
vital immature teeth (see p. 120). 

If the pulp of the apical fragment has become 
necrotic as well, endodontic treatment of both 
fragments through the fracture line is indicated. 
The treatment is performed as described for 
nonvital teeth and calcium hydroxide should be 
used as the intracanal medicament in these 
teeth. The prognosis of the treatment will de- 
pend to a great extent on the efficacy of the 
emergency treatment when the fracture oc- 
curred. If the repositioning and splinting of the 
tooth is performed correctly so that an effective 
immobilization of the coronal fragment in jux- 
taposition to the apical fragment is attained for 
a sufficient period of time (6-12 months), a cal- 
cific bridging of the two fragments may occur. 
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Endodontic treatment through the fracture line 
will then have a near-normal success rate (Fig. 
6.25). However, if the two fragments are apart, 
a lateral periodontitis often develops at the frac- 
ture site (Fig. 6.26). If the fracture is in the apical 
half of the root, surgical removal of the apical 
fragment may save the tooth. Similarly, if the 
root fracture is in the cervical area, surgical re- 
moval of the coronal fragment and orthodontic 
or surgical extrusion of the apical fragment may 
constitute an excellent therapeutic alternative 
(Fig. 6.27). Endodontic treatment of the apical 
fragment is then carried out as the clinical situ- 
ation demands. 

Endodontic treatment of root-fractured teeth 
is a rather delicate procedure and should be per- 
formed with optimal techniques and methods. 
The prognosis then is good, although no infor- 
mation on the actual frequencies of repair are 
available. 



Fig. 6.24 Radiograph of maxillary central incisors with 
a fracture of their roots. In the right incisor the pulp 
remained vital in both fragments and obliteration of 
the root canal has occurred. In the left incisor the pulp 
of the coronal fragment became necrotic and infected, 
and endodontic treatment of this tooth to the fracture 
line has been performed 



Endodontic Treatment of Endo-Perio I 

Endodontic treatment of teeth with endo-perio 
lesions follow the guidelines for treatment of 
teeth with apical periodontitis. As discussed 
above, diagnostic problems may exist in patients 
with possible endo-perio lesions, especially 
whether a periodontal probing depth is due to 
a periodontal pocket or an endodontic fistula 
alongside the root. Therefore, an unbreakable 
rule is that, when in doubt, the endodontic treat- 
ment is initiated first (Fig. 2.16, 6.28). Although 
it may take months before radiographic signs of 
periapical bone regeneration are evident, clini- 
cal signs will indicate within days or weeks 
whether the lesion responds to endodontic 
treatment or not. Such clinical signs are the clos- 
ing of a fistula, a rapid reduction in probing 
depth, and a general firming up of the gingival 
tissues. If clear indications of healing are not 
seen 2-3 weeks after complete instrumentation 
of the root canal, periodontal treatment with 




scaling and root planing should follow, as the 
observed probing depth is then with great cer- 
tainty due to a periodontal pocket. 

On the other hand, if the treatment of a lesion 
of endodontic origin begins with scaling and 
root planing, the thin, delicate periodontal tissue 
which exists between the fistula and the root 
surface will be removed. Thus, the root is de- 
nuded and the fistula is in actual contact with 
the root surface. Epithelium then grows down 
and a periodontal pocket will form to the foram- 
inal areas of the tooth. At this stage the lesion 
as a result of incorrect treatment has become a 
combined endo-perio lesion, which at best can 
only heal with a long junctional epithelial at- 
tachment. 

The same considerations should be made re- 
garding furca tion lesions. If in doubt, and if en- 
dodontic treatment is indicated, this treatment 
should be initiated first (Fig. 6.29). Periodontal 
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Fig. 6.25 a Radiograph of a maxil- 
lary right central incisor with a root 
fracture (arrow; root canal is obliter- 
ated because of previous trauma), b 
The tooth was splinted for a period 
of 1 2 months and hard-tissue unifi- 
cation of the two fragments has 
taken place. When the tooth be- 
came symptomatic, endodontic 
treatment of both fragments 
through the fracture line was 
performed 




Fig. 6.26 Radigraph of a maxillary left lateral incisor. 

The pulp of the coronal fragment is nonvital and a 
lateral radiolucent lesion has developed adjacent to the 
fracture line 



treatment then only follows if and when it is 
clear that the endodontic measures had no effect 
on the lesion (Fig. 6.30). 

When decisions such as these are made about 
sequencing of therapy, it is important to under- 
stand that, if a periodontal pocket is deep 
enough to be mistaken for an endodontic fistula 
originating at or near the apex of the tooth, a 
postponement of the periodontal treatment for 
2-3 weeks will have no negative effect on the 
outcome of such treatment that may subse- 
quently prove necessary. 



Surgical-Endodontic Treatment 



Traditionally, the rationale for surgical-endodon- 
tic treatment of a tooth has been to attain a bac- 
teria-tight seal of the root canal by means of a fill- 
ing placed in a retrograde fashion in the root ca- 
nal. This treatment is performed when an 
orthograde root filling is expected to be ineffec- 



tive or to fail, usually because of complications 
during conventional treatment, or when con- 
ventional treatment has failed. A common prac- 
tice before placing the retrograde root filling is 
to remove 1-3 mm of the root end, as this part 
of the root is most likely to contain accessory ca- 
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Fig. 6.27 a Radiograph of an immature maxillary left 
central incisor with a fracture of the root in the cervical 
area. The coronal fragment is temporarily retained by 
means of luting cement and a post, b The tooth is 



extruded orthodontically in order to bring the apical 
fragment to a level where it can be used to hold a 
permanent coronal restoration, c Surgical correction of 
the gingival margin level, d Final restoration 



nals conceivably harboring the bacteria respon- 
sible for the failure of the conventional treat- 
ment. Today we also know that apical granulo- 
mas refractory to conservative treatment may 
contain bacteria capable of sustaining a periapi- 
cal disease process independent of the root canal 
(see p. 37). A meticulous removal of periapical 
granulation tissue is therefore an important as- 
pect of surgical-endodontic treatment. 



Indications 

Primary surgical treatment. In principle, surgi- 
cal treatment of apical periodontitis as the pri- 
mary treatment form is performed only when a 
root is removed or a tooth is extracted. Primary 
surgical treatment may, however, be the last re- 
sort in certain teeth where an obliteration of the 
root canal makes it impossible to negotiate the 
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Fig. 6.28 a Radiograph of a mandibular central incisor 
with an apical-lateral radiolucency of endodontic or 
periodontal origin, b Section from a tooth with an 
apical granuloma with an extension similar to the 
radiolucent lesion in a (hematoxylin-eosin). c Since the 
tooth in a is nonvital, endodontic treatment is carried 



out first, and periodontal treatment is only initiated if 
and when it is clear that the endodontic treatment has 
had no effect, d One-year control. Full resolution of the 
radiolucent lesion is evident following the endodontic 
treatment 



Fig. 6. 29 a Radiograph of mandibu- 
lar molar with an intraoral fistula 
traced to a radiolucent lesion in the 
furcation. The tooth is nonvital and 
no periodontal treatment is per- 
formed until the effect of the ne- 
cessary endodontic treatment is 
known, b One-year control. Full 
resolution of the furcation lesion is 
evident. Also, note that a lateral 
canal to the area of the furcation 
became visible after obturation of 
the root canals 
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Fig. 6.30 a Radiograph of a mandi- 
bular molar with apical periodon- 
titis and a radiolucent lesion in the 
furcation, b Two-year control. 
Following endodontic treatment, 
periapical healing has occurred. 
However, the furcation lesion was 
of periodontal origin (see bone level 
in a) and did not respond to the 
endodontic therapy 



canal. Such teeth may be tentatively treated 
with a retrograde root filling in an attempt to 
seal the apical end of the canal bacteria-tight 
(Fig. 6.31). However, even if a canal is clinically 
and radiographically obliterated, there will al- 
ways be infected necrotic tissue in microscopic 
spaces in the root of such teeth. Leakage of bac- 
terial products may, therefore, occur in spite of 
the retrograde filling and the treatment will fail 
(Fig. 6.32). Surgical treatment of apical periodon- 
titis should, therefore, if at all possible be per- 
formed in conjunction with orthograde treatment 
of the root canal. 

Conventional treatment ineffective. Surgi- 
cal therapy is indicated in the treatment of api- 
cal periodontitis when conventional treatment 
proves ineffective. This is most often evidenced 



by a persisting fistula (Figs. 6.17, 6.33). In addi- 
tion, a surgical-endodontic approach may be 
used for reasons of convenience. An optimal 
conservative approach may sometimes require 
several visits over several months and the pa- 
tient may elect to have the periapical lesion sur- 
gically removed for more rapid periapical repair. 

Retreatment. Most often a surgical-endo- 
dontic approach is indicated in the retreatment 
of failure cases after conservative treatment of 
teeth with apical periodontitis. As was discussed 
above, a certain percentage of endodontic treat- 
ments will fail, and the failure rate will increase 
dramatically if the technical quality of the treat- 
ment is inadequate. In most instances this is ev- 
idenced radiographically by incompletely in- 
strumented and sealed, or grossly overfilled root 




Fig. 6.31 a Radiograph of a mandibu- 
lar left central incisor with an oblitera- 
ted root canal and apical periodonti- 
tis. An attempt to locate and nego- 
tiate the root canal was not made and 
the tooth was treated with apicoec- 
tomy and retrograde root filling only, 
b Two-year control. Periapical repair is 
evident 
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Fig. 6.32 a Radiograph of a maxillary left central incisor 
with obliterated root canal. The tooth is tender to 
biting. An attempt to locate and negotiate the root 
canal was abandoned, b An apicoectomy with 
retrograde root filling was then carried out. Three 



months later the patient returned with symptoms, 
c A renewed effort was made to find and instrument the 
root canal, this time successfully. At the 6-month 
control, periapical healing is evident 



canals. If possible, i.e., if the root canal is not 
physically blocked by posts, instrument frag- 
ments, etc., failure cases should be retreated 
conventionally before surgical treatment is ini- 
tiated (Fig. 6.34). The objective of the conservative 
retreatment is the removal of possible causal fac- 
tors for the failure in the tooth itself such as 
missed canals, inadequate disinfection, or incom- 
plete seal of the root canal. However, only about 
60 % of unsuccessfully treated teeth will be suc- 
cessful after conservative retreatment, and in 
the remaining teeth a surgical approach will be 
the treatment of choice. The success rate of peri- 
apical surgical treatment is greatly enhanced by 
an adequately filled root canal. In addition, a ret- 
rograde filling may be placed for extra precau- 
tion and an optimal result of the treatment. 

Post in the root canal. When an apical peri- 
odontitis has not healed and conventional re- 
treatment is made difficult or impossible be- 
cause the root canal is blocked coronally by a 
post, surgical treatment may be the method of 
choice. However, the possibilities of removing 
the post should be evaluated carefully, especial- 
ly in teeth where the root filling is technically 
inadequate (Fig. 6.35). The quality of the root 
filling is then evaluated against the type and size 



of the post and the risk of root fracture and other 
complications if removal of the post is attempt- 
ed. In this context it should be mentioned that 
the use of ultrasonically energized vibratory in- 
struments to break the cement seal around a 
root canal post has greatly facilitated the ease 
and safety with which a post may be removed 
(Fig. 6.35). 

In teeth with an inadequately filled but coro- 
nally blocked root canal, the canal should if at 
all possible be completely instrumented and 
filled bacteria-tight from the apical end to the 
root canal post during the surgical operation 
(Fig. 6.36). If the technical quality of the root fill- 
ing appears satisfactory, a regular retrograde 
filling may be placed in the root canal (Fig. 6.37). 

Instrument fragment in the root canal. 
Fracture of instruments inside the root canal oc- 
curs. Often healing is observed in spite of this 
mishap, but failures must be expected. Instru- 
ment fragments, therefore, may have to be re- 
moved. New vibratory nickel-titanium tips are 
useful to loosen intracanal fragments (see Chap- 
ter 13), but often surgical— endodontic treat- 
ment is the only treatment alternative (Fig. 
13.11). Ideally, the instrument fragment is re- 
moved apically, and an orthograde root filling is 
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Fig. 6.33 a Radiograph of an imma- 
ture maxillary left central incisor with 
inadequate root canal filling and a 
fistula to the vestibule, b Retreatment 
with calcium hydroxide to obtain 
periapical healing and root apexifica- 
tion was initiated, but proved ineffec- 
tive and the fistula did not close, c The 
root canal was then filled and an apico- 
ectomy was performed, d Three- 
month control. The fistula is closed 
and complete periapical repair is 
evident 



c d 



placed in the canal during the operation. If it 
proves impossible to remove the instrument 
fragment, the best possible retrograde root fill- 
ing is placed. 

Root perforations. A perforation of the root 
may occur during root canal instrumentation. Of- 
ten, this may be managed with conventional en- 
dodontic methods by sealing the perforation 
opening through the root canal. However, in 
many instances a surgical approach may be the 
best or only alternative (Fig. 13.11). Perforations 
in the furcation, on the other hand, should be 



treated conservatively. If unsuccessful, a hemi- 
section of the tooth or removal of one root are 
usually the only alternatives. 

Perforations are also seen in conjunction with 
root canal post preparations. A surgical exposure 
of the perforation and creation of a bacteria- 
tight seal of the perforation canal is often the 
treatment of choice in these teeth (Fig. 13.13). 
However, it should be noted that, depending on 
the location of the perforation, this is difficult 
treatment and the long-term success rate is far 
from good. 
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Fig. 6.34 a Radiograph of a mandi- 
bular molar with technically inad- 
equate endodontic treatment and a 
periapical radiolucency on the me- 
sial root, b Following retreatment 
with thorough disinfection of the 
roots and proper root canal fillings, 
near full resolution of the periapical 
lesion is seen at the 3-month 
control 




c d 
Fig. 6.35 a Multipurpose vibratory instruments 
energized by an ultrasonic unit. These instruments can 
be used to remove cement around a post, to loosen 
the post by breaking the cement seal, to instrument 
the root canal from the retrograde position, etc. 
b Radiograph of a mandibular premolar with post- 



retained crown, inadequate root canal filling and apical 
periodontitis, c The post and crown are removed and 
endodontic retreatment is carried out. d The root canal 
is properly instrumented and obturated and a new 
post-retained crown is fabricated, e Two-year control 
with repair 
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Fig. 6.36 a Radiograph of maxillary premolar with 
symptomatic apical periodontitis. The root of the tooth 
is narrow with long and thick post. No root filling is 
visible. Because of the radiographic findings, a decision 
was made not to remove the post, but to treat the 
tooth from the retrograde position, b Radiograph of 




b 



tooth following treatment. The root tip has been cutoff 
and the root canal has been instrumented and filled 
with IRM-cement to the level of the root canal post. An 
ultrasonic tip (see Fig. 6.35a) was used for the 
instrumentation 



External root resorption. In most instances, 
progressive external inflammatory root resorp- 
tion is treated conservatively through the root 
canal (see p. 146). However, in teeth with cervi- 
cal resorption, surgical treatment is the only al- 
ternative (Fig. 6.38) The resorptive cavity is then 



exposed surgically, the granulation tissue re- 
moved, and the cavity is filled with a restorative 
material. A very rapid apical resorption is occa- 
sionally seen in conjunction with large excesses 
of root filling material. In these instances, surgi- 
cal removal of the excess material is effective 
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Fig. 6. 37 a Radiograph of root-filled tooth with 
persisting apical periodontitis, b The root filling is 
considered technically adequate and an apicoectomy 



with retrograde filling of IRM-cement is carried out. 
c Six-month control with repair 
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Fig. 6.38 a Maxillary canine with a cervical resorption 
lacuna on the buccal surface after reflection of a 
sulcular flap, b The resorption lacuna is cleaned and 
restored with the acid-etch resin technique, c Three- 
month control with good clinical conditions 



treatment and should be considered together 
with a bevelling of the root end (Fig. 13.22). 

Root fracture. In teeth with horizontal root 
fractures, the pulp of the apical fragment of the 
fractured tooth occasionally becomes necrotic 
and may cause an apical periodontitis. Endodon- 
tic treatment through the fracture line is often 
unsuccessful and surgical removal of the apical 
fragment may save the tooth if the fracture is in 
the apical half of the tooth. 

Asepsis 

In endodontic surgery as with all surgical pro- 
cedures, the bacteria count of the field of oper- 
ation should be as low as at all possible. This 
means that the patient's oral hygiene must be 
evaluated, and if necessary, professional tooth 
cleaning should be carried out prior to the sur- 
gical intervention. Placing the patient on a pro- 
gram of chemical plaque control for some days 
prior to the operation may also be advantageous. 
At the time of surgery, the area to be operated 
on is washed repeatedly with a surface antisep- 



tic like chlorhexidine and is isolated as much as 
possible from the rest of the mouth with cotton 
rolls and gauze pads. 

Flap Design and Surgical Access 

In the design of the flap it must be remembered 
that the pathological lesion as a rule is larger than 
what appears radiographically. Thus, the incision 
must be extended well beyond the apparent 
area of pathosis and include at least one tooth 
on each side of the one to be operated on. Fre- 
quently, a larger area is included in the flap to 
improve either the visibility, the surgical access, 
or both. Both marginal and submarginal inci- 
sions are used in endodontic surgery and with 
one or two releasing incisions as found neces- 
sary (Fig. 6.39). In most situations, a marginal 
full-thickness flap with one vertical incision is 
the flap of choice. This design gives good surgical 
access and visibility, maintains an intact muco- 
sal vasculature, causes minimal postoperative 
swelling and discomfort, and heals by primary 
intention. A conceivable disadvantage of the 
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Fig. 6.39 Diagram illustrating commonly used flap 
designs in endodontic surgery. Both marginal and 
submarginal incisions are used with one or two 
releasing incisions as deemed necessary for access and 
visibility 




Fig. 6.40 Gingiva in the maxillary anterior region. 

Multiple scars following submarginal incisions can be 
seen 



marginal incision is that the sulcular area of the 
teeth with subgingival plaque and an abundance 
of bacteria is infringed upon. As a result, a direct 
or circulatory translocation of periodontal bac- 
teria to the surgical site will occur. This is avoid- 
ed with a submarginal incision. Still, this type of 
incision should not be used indiscriminately in 
that it may come in conflict with the area of pa- 
thosis. It also disrupts the vascular supply of the 
gingiva to some extent and scarring may occur 
(Fig. 6.40). However, in patients with a wide, at- 
tached gingiva, the submarginal incision may be 
preferable and give the required surgical access. 
A submarginal incision is also used in patients 
with crowns on their maxillary incisors, alleg- 
edly to prevent recession of the gingiva and to 
obtain the best possible aesthetic results. How- 
ever, if the gingiva is not perfectly healthy, a 
submarginal incision will cause a recession. On 
the other hand, if the gingiva is healthy, a well- 



executed marginal incision will cause a reces- 
sion of only about 0.5 mm, which clinically may 
not be noticeable. 

A nontoxic surgical pencil is used to mark the 
gingiva and mucosa where the incisions are 
planned (Fig. 6.41). For an inexperienced sur- 
geon this is quite helpful in that the markings 
help visualize the flap before the actual incisions 
are made. A sharp scalpel, usually no. 15, cuts 
through the periosteum to the bone, following 
the markings of the pencil. A no. 12 scalpel is 
used to loosen the delicate gingival tissues 
around the teeth. The flap is elevated by means 
of a sharp periosteal elevator with great care 
taken not to damage gingival papillae or other- 
wise tear the tissues. 

When the flap is reflected, a periapical lesion 
may have broken through the buccal cortical 
bone so that the location of the root tip is readily 
recognized (Fig. 6.41). In other instances when 
the cortical plate is intact, it may be difficult to 
locate the root tip, or even more so, a root per- 
foration site or a lateral or cervical resorption la- 
cuna. A small piece of radiopaque material, for 
instance, gutta-percha, may then be placed on 
the buccal bone, and a radiograph is taken. This 
procedure may, if necessary, be repeated until 
the location of the lesion is determined as ex- 
actly as possible. Round burs no. 6-12 are then 
used in an ultraspeed, low-torque handpiece un- 
der continuous and copious irrigation with ster- 
ile isotonic saline to expose the apical granulo- 
ma, perforation site, etc. 

Microbiological and Microscopic 
Examination 

If granulation tissue is present, it may be good 
clinical practice to take a microbiological sample 
for identification of extraradicular bacteria in 
case subsequent systemic antibacterial treat- 
ment should become necessary (see p. 118). The 
periradicular lesion is then removed as much as 
possible in one piece by means of endodontic 
spoons and curettes and placed in formalin for 
subsequent microscopic examination. Remem- 
ber that the reason for the surgical operation 
may well be extraradicular infection and conse- 
quently all granulation tissue should, if possible, 
be removed. 
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Fig. 6.41 a, b Maxillary premolar with apical 
periodontitis with fistula, c Following instrumentation 
and disinfection of the root, the fistula closed and the 
root canal was obturated, d At the 3-month control, the 
fistula had recurred and the decision to carry out a 
surgical retreatment was made, e The radiolucent 
lesion is large with an extension toward the cervical 
area of the tooth. Thus, a marginal (sulcular) flap is 
designed and the incision is outlined with a nontoxic 
pencil, f The flap is reflected and, typically, the lesion is 
bigger than indicated radiographically. g The root tip is 



cut off. h The granulation tissue is curetted out. 
i A retrograde cavity is prepared, j A copal varnish is 
applied to the retrograde cavity by means of a paper 
point, k A retrograde amalgam filling is inserted. 
I Radiographic control of the surgical site and the 
retrograde filling, m The flap is sutured in place with 
interrupted sutures, n The gingiva on the day of suture 
removal, o Three-month control with repair 

Fig. 6.41 g-o see pages 136, 137 
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Resorption Lacunae and Perforation Defects 

When surgical access has been obtained, a re- 
sorption lacuna, or perforation defect, is given 
undercuts for retention and is then restored. The 
restorative material used will become an im- 
plant and as such should tolerate the influence 
of tissue fluids and cells without being resorbed, 
washed out, or otherwise broken down. Over the 
years, various amalgams have been used for this 
purpose, and at present the modern copper-con- 
taining spherical amalgams might still be a good 
alternative. When used together with a copal 
varnish to coat the cavity walls, they give good 
immediate and long-lasting seal of the cavity 
(Fig. 6.41). However, the use of dental amalgam 
as an implanted material is frowned upon in 
many circles, and in some countries its use is 
simply prohibited. We therefore have a definite 
need for an alternative retrograde obturation 
material. Resin-reinforced zinc oxide-eugenol 
cements and EBA-cements give an adequate seal 
and have so far been shown to hold up well in 
the tissue for 12-15 years and more. If esthetic 
factors are of importance, a defect, for example, 
a cervical resorption lacuna, is acid-etched and 
restored with a bonded composite resin resto- 
ration (Fig. 8. 13). 

Apicoectomy 

In teeth with apical periodontitis, the root tip 
may be of etiological importance in that an apical 
root canal delta may harbor bacteria. The root tip 
should, therefore, routinely be reduced 1-3 mm 
during surgical-endodontic treatment of apical 



periodontitis, and in addition, the root should be 
bevelled as needed in a buccal (or palatal) direc- 
tion to facilitate access to the root canals. 

Retrograde instrumentation of the root canal 
will be necessary if the root filling is not consid- 
ered to give an adequate seal of the root canal. 
It can be carried out by means of a microhand- 
piece and a round or inverted cone microbur, 
usually no.3 (Fig. 6.41). A retrograde cavity 
should at least encompass the outline of the root 
canal and be 2-3 mm deep. Even with the small- 
ness of a microhandpiece this may be difficult 
to achieve. It is recommended, therefore, that 
one use ultrasonically energized microsurgical 
tips or retrotips to prepare retrograde cavities 
(Fig. 9.14). The retrotips are made of steel and 
may be coated with diamond or zirconium par- 
ticles to improve their effectiveness. Because of 
their small size and special design, access to the 
root end is readily obtained with these instru- 
ments, and retrograde cavities that follow the 
long axis of the root canal to the desired depth 
are safely prepared. 

In teeth with an unfilled or inadequately filled 
but coronally blocked root canal, the canal has 
to be instrumented and obturated in its entirety 
from the apical end during the surgical opera- 
tion (Fig. 6.36). Traditionally, such canals were 
instrumented by the use of blades of K-files or 
Hedstrom files held in a hemostat. Today root 
canal instruments that can be screwed into an 
ultrasonic handpiece are available. These instru- 
ments may be bent once according to the needs 
of the clinical situation. They are then intro- 
duced into the root canal and energized and the 
entire canal can be cleaned and enlarged to the 
coronal blocking with relative ease. Copious ir- 
rigation with sterile saline is carried out in con- 
junction with the use of all ultrasonically ener- 
gized instruments. 

As mentioned above, a retrograde cavity is 
filled with a copper-containing spherical amal- 
gam after that a copal varnish is applied to the 
cavity (Fig. 6.41). If amalgam is not used, either 
for biological or legal reasons, reinforced zinc 
oxide-eugenol cements (IRM- or EBA-cements) 
give reliable bacteria-tight seals and appear to 
be the materials of choice. If larger parts of the 
root canal have been instrumented from the ret- 
rograde position, it may be convenient to use the 
materials normally used for orthograde obtura- 
tion, namely gutta-percha cone(s) and a sealer. 
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The surgical site is then thoroughly irrigated 
with sterile physiological saline, the flap is re- 
positioned, and gentle pressure is applied to the 
flap by means of moist gauze for 1-2 minutes to 
ensure good adaptation to the underlying tis- 
sues. The flap is then secured, preferably by 
means of interrupted sutures, beginning at the 
angle between the horizontal and vertical inci- 
sions (Fig. 6.41). The sutures are removed after 
4-7 days to avoid unnecessary tissue irritation. 

Intentional Replantation 

Sometimes desired surgical-endodontic treat- 
ment of a tooth may not be feasible for anatom- 
ical or other reasons. A planned extraction with 
repair of the tooth outside the mouth and subse- 
quent replantation may then be the treatment of 
choice. This treatment method is usually re- 
ferred to as intentional replantation (Fig. 6.42). 

The success of this method depends on wheth- 
er the tooth can be extracted with minimal dam- 
age to the periodontal ligament, especially to the 
cementoblast layer on the root surface. Moreover, 
it is important that the extraoral time is as short 



as possible (5-10 minutes), and that the perio- 
dontal tissues on the root are not touched and are 
kept wet at all times. This is best achieved by per- 
forming all aspects of the treatment that do not 
require a dry cavity with the tooth submerged in 
sterile isotonic saline. The tooth is taken out of 
the saline for only the very short time it takes to 
seal a retrograde cavity, a root perforation, or 
similar, and even during this time the soft tissue 
on the root surface is kept wet. 

As soon as the repair is completed, the tooth 
is replanted with great care to avoid further in- 
juries to the delicate tissue on the root surface. 
It will usually be necessary to splint the tooth 
to a neighboring tooth for about 5-7 days. Most 
conveniently, an acid-etch resin splint is used. 

The primary periodontal healing is usually 
uneventful. Ankylosis and replacement resorp- 
tion will occur if extensive areas of the root sur- 
face are denuded during extraction and replan- 
tation. However, if the technical aspects of the 
treatment are well controlled, reestablishment 
of a normal periodontal ligament can be expect- 
ed to occur (Fig. 6.42). 




Fig. 6.42 Intentional replantation. 

a Radiograph of a mandibular molar 
with strip perforation to the 
furcation and apical perforation of 
the mesial root. The tooth is tender 
to biting 6 months following 
endodontic treatment, b The tooth 
was extracted with great care and 
immediately submerged in sterile 
isotonic saline. cThe cement in the 
furcation was removed and 
apicoectomies with retrograde 
fillings were performed extraorally. 
After 8 minutes extraoral time 
(about 5 of the 8 minutes in saline), 
the tooth was carefully replanted 
and splinted, d One-year control. 
The mobility of the tooth is normal, 
periapical healing is evident, and 
the tooth is functioning normally. 
The patient is asymptomatic 
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Aftercare 

Little postoperative care is needed following 
surgical-endodontic treatment. The patient 
should be advised not to manipulate the tissues, 
but protect the flap for quickest possible healing 
without bleeding or other complications. An ice 
pack may be held to the face for 15-20 minutes 
of every hour for the first few hours after the 
surgery to prevent swelling. Also, a regime with 
chemical plaque control is advisable during the 
first week when tooth-brushing is difficult. With 
the new knowledge that bacteria may be 
present extraradicularly, antibiotic therapy is 
indicated. Mild to moderate postoperative pain 
will occur when the anesthesia wears off. Non- 
narcotic analgesics like acetaminophen, aspirin, 
and especially ibuprofen give excellent relief. 

Follow-up Examination and Prognosis 

The patient should be examined 2 days after sur- 
gery, on the day of suture removal, after 1 , 6, and 



12 months, and later as needed (Fig. 6.41). Bone 
regenerates gradually and a period of 3- 
12 months may be needed for complete repair. 
It should be noted that new cementum forms on 
the bevelled root surface. A periodontal liga- 
ment with fibers between the cementum and 
the new alveolar bone forms as well. However, 
sometimes a fibrous rather than a bony repair 
occurs (Figs. 2.27, 6.43). This is especially the 
case when the periapical lesion has destroyed 
the buccal or lingual periosteum of the alveolar 
process, or both. It also occurs quite commonly 
in older patients and make the evaluation of 
periapical repair in these patients somewhat 
difficult. 

On the whole, surgical-endodontic treatment 
is an invaluable complement to conservative en- 
dodontic treatment. It is especially valuable in 
problem cases as discussed above, and clearly 
contributes to the reliable and consistently good 
results of endodontic treatment. 




Fig. 6.43 a Radiograph of nonvital 
maxillary central and lateral incisors 
with a large radiolucent periapical 
lesion 1 8 years following a trauma- 
tic injury (a blow) to the area. The 
teeth are treated endodontically 
and the lesion is curetted out surgi- 
cally, b At the 1 -year control, repair 
of the radiolucent area with a cen- 
tral fibrous scar can be seen 
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7 Endodontic Emergency Treatment 



Approximately 60% of patients with oral or 
maxillofacial pain are in need of endodontic 
emergency treatment. The immediate goal of the 
emergency treatment is to mitigate the patient's 
symptoms and, if possible, it should also constitute 
the first phase in the permanent treatment of the 



condition. Since emergency treatment usually 
takes place between regular patients in a busy 
schedule, the therapeutic procedures should be 
as simple as possible and in keeping with the ob- 
jective of relieving the patient's pain. 



Emergency Treatment of Vital Teeth 



About 90 % of vital teeth that need endodontic 
emergency treatment are carious teeth or teeth 
previously restored because of caries (Table 7.1). 
Approximately 2 % of the teeth will have symp- 
toms because of traumatic occlusion. Exposed 
dentin and tooth fractures are other conditions 
causing pain in vital teeth. 

Teeth with Symptomatic Pulpitis 

In teeth with symptomatic pulpitis, either cari- 
ous dentin must be excavated or existing resto- 
rations removed, or both. The subsequent treat- 
ment will then depend on the clinical findings, 
mainly on whether the pulp is exposed or not 

Symptomatic teeth without pulp exposure. 
When carious dentin and possible restorations 
have been removed, the cavity is cleansed with 
a spray of water and air, and while still wet is 
filled with zinc oxide— eugenol cement (see p. 
86). This is a simple, rapid, and effective method 
which, over a 5-year period, has been found to 
give relief from pain in 97 % of the teeth (Table 



Table 7.1 Reasons for pain in vital teeth in an 
emergency clinic over a 5-year period 



Clinical 

findings, vital teeth 



Patients (n = 3,723) 
Number Percent 



Caries, unrestored or restored 
Cusp fractures, 

complete or incomplete 
Hypersensitive teeth 
Traumatic occlusion 



3,300 88.6 



214 
136 
73 



5.8 
3.6 
2.0 



7.2). Remember, however, that when the final 
treatment is planned, absence of symptoms does 
not in any way guarantee a healthy pulp. 

Symptomatic teeth with pulp exposure. If 
the pulp is found to be exposed after excavation 
of carious dentin or removal of a restoration (or 
both), there are three possible methods for 
emergency treatment. While the three proce- 



Table 7.2 Efficacy of emergency teatment methods in 
teeth with symptomatic pulpitis 

Symptomatic pulpitis No. of Relief of 

Emergency treatment patients sypmtoms 

No pulp exposure 

Excavation of caries or 
removal of a restoration; 
zinc oxide-eugenol cement 

Pulp exposure 

Anodyne medicament on 
the pulp wound; 
bacteria-tight seal 

Emergency pulpotomy; 
anodyne medicament in the 
pulp chamber; bacteria-tight 
seal 

Pulp extirpation; anodyne 
medicament in the root 
canal; bacteria-tight seal 

Pulpectomy with complete 
debridement; calcium hydro- 
xide in the root canal; 
bacteria-tight seal 



868 842 (97%) 



234 215 (92%) 



1884 1848(98%) 



57 



52 (91 %) 



257 256(99%) 
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dures are not equally effective, they are all ac- 
ceptable and provide a reasonable choice ac- 
cording to the time available for the emergency 
treatment. 

Anodyne medicament The simplest treatment 
method is to apply a cotton pellet with a medi- 
cament with an anodyne effect, preferably eug- 
enol, directly on the exposed pulp. The cavity is 
subsequently filled temporarily with a material 
which gives a bacteria-tight seal, usually a zinc 
oxide— eugenol cement. This treatment is sim- 
ple, rapid, and amazingly effective, and gives 
temporary relief from pain in about 90% of these 
cases until a pulpectomy can be performed (Ta- 
ble 7.2). 

Emergency pulpotomy. The second method is 
to amputate and remove the coronal pulp of the 
symptomatic tooth. The bleeding is controlled 
and a cotton pellet with an anodyne medica- 
ment (eugenol) is applied on the remaining pulp 
stump. The cavity is then sealed bacteria-tight 
as described above. This method is most effec- 
tive and will give relief from pain in more than 
95 % of these cases (Table 7.2). It is somewhat 
more time-consuming than the first method, but 
it is still a simple procedure in that no root canal 
instrumentation is performed. The emergency 
pulpotomy should be regarded as the routine 
method in emergency treatment of vital teeth with 
exposed pulp. 

Pulpectomy. The third possibility is to carry 
out the permanent treatment directly in the 
emergency situation. A pulpectomy with com- 
plete instrumentation and permanent root filling 
with gutta-percha or temporary root filling with 
calcium hydroxide paste is then performed. This 
is the most reliable method and will give relief 
from pain in more than 99 % of these cases (Table 
7.2). However, it is time-consuming compared 
to the two methods described above, and for 
that reason cannot be considered a routine 
method in an emergency situation. 

In this context it is important to be aware of 
the fact that if a simple pulp extirpation is car- 
ried out without proper root canal instrumenta- 
tion, the effectiveness of the treatment to relieve 
pain is reduced to 90%, possibly because tissue 
remnants are left behind in the root canal. Thus, 
the efficacy of a pulp extirpation with the place- 
ment of an anodyne medicament in the root ca- 
nal is no greater than when the medicament is 



placed directly on the pulp exposure in the cav- 
ity of the tooth (Table 7.2). 

Crown Fractures 

Crown fractures may lead to symptoms because 
of exposure of dentin. The symptoms are con- 
trolled by restoring the tooth or simply covering 
the exposed dentin surface with a zinc oxide- 
eugenol cement, usually by means of a tempo- 
rary crown. If the fracture is incomplete, one 
fragment should be removed if at all possible 
and the tooth treated as described above. How- 
ever, an incomplete fracture may be present in 
the form of a crack and be directed in such a way 
that a fragment cannot be removed without sac- 
rificing the tooth. Such teeth may be saved for 
considerable periods of time by restoring them 
with a crown to "hold the tooth together" and 
thereby to prevent further progression of the 
fracture. Reduction of the occlusal height of an 
incompletely fractured tooth and instruction to 
the patient to avoid biting on the tooth may give 
adequate relief from pain until a crown can be 
made. 

Dental Hypersensitivity 

Dental hypersensitivity is most often due to the 
fact that dentin has become exposed, usually in 
the cervical area of the tooth. Immediate relief 
from the pain can be achieved by blocking the 
exposed dentinal tubules, for example, with a 
cavity varnish (Fig. 7.1). Obviously, as soon as 
the varnish has dissolved, usually after a few 
days, the sensitivity may be back, but often to a 
lesser degree than before. 

A wide variety of agents have been used to re- 
duce or eliminate dental hypersensitivity on a 
more permanent basis, and many agents are 
commercially available, usually in toothpastes. 
The effect of most of these agents is at best un- 
certain. Toothpastes with potassium nitrate as 
the active ingredient have shown some promise. 
The most reliable long-term results have been 
obtained with good oral hygiene and meticulous 
local plaque control in combination with the use 
of fluoride preparations. Occasionally, and espe- 
cially after periodontal treatment, the symp- 
toms from a hypersensitive tooth may be so se- 
vere that a pulpectomy has to be performed to 
bring the patient the necessary relief. 
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Traumatic Occlusion 

Traumatic occlusion may cause symptoms sim- 
ilar to a symptomatic pulpitis. The condition is 
suspected when a traumatic situation exists or 
is suggested by bite facets on tooth surfaces or 
restorations. Emergency treatment, which may 
also be the permanent treatment, is to relieve 
the occlusion by selective grinding of the symp- 
tomatic tooth, its antagonist, and possibly 
neighboring teeth. This treatment will be effec- 
tive in about 85 % of these cases. The rest of the 
patients with this diagnosis will return with per- 
sisting symptoms, and incomplete fractures, 
symptomatic pulpitis, and even necrotic pulps 
are usually found after renewed examinations. 



Fig. 7.1 Scanning electron micrograph of dentin 
surface with transversely exposed dentinal tubules. 

To the right, a film of copal varnish is covering the 
dentin and blocking the tubules (x 900) 
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Symptomatic Apical Periodontitis 

In nonvital teeth, pain is associated with symp- 
tomatic apical, lateral, or interradicular perio- 
dontitis. The following factors are of special im- 
portance in obtaining relief from pain in these 
conditions. 

Drainage. The most important cause of the 
symptoms is elevated pressure in the tissues. 
Accordingly, the emergency treatment should 
be aimed at a normalization of the tissue pres- 
sure which, as soon as it is achieved, results in 
relief from pain for the patient. If the patient's 
condition allows access to the symptomatic 
tooth, the pulp chamber is opened. Direct drain- 
age of pus through the root canal may then take 
place. However, sometimes the purulent break- 
down occurs in an area which does not have 
contact with the tooth in such a way that drain- 
age may take place. It is then important to re- 
member that it is the infection of the root canal 



that has caused the painful periodontitis and even 
in the absence of drainage the emergency treat- 
ment should be complete chemomechanical in- 
strumentation of the root canal 

If drainage from the root canal occurs, it is 
good clinical practice to have the patient sit in 
a dental chair for a short period of time until the 
exudation has stopped or has been reduced sig- 
nificantly. Chemomechanical instrumentation 
of the root canal is then performed, a suitable 
antiseptic dressing is applied, and the access 
cavity is sealed with a bacteria-tight temporary 
filling. More than 90% of patients will soon have 
relief from pain following this treatment, re- 
gardless of the severity of the clinical situation 
(Table 7.3). If instrumentation of the root canal 
is not possible, usually because of trismus or ex- 
treme tenderness of the tooth, the placement of 
a medicament (eugenol) in the pulp chamber 
before sealing the access cavity will bring relief 
in about 70% of these patients. 
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Table 7.3 Efficacy of emergency treatment methods in teeth with symptomatic apical periodontitis 



Symptomatic teeth 
Emergency treatment 


No. of 
patients 


Persistening 
symptoms 


Pain 


Swelling 


Pulpitis 


463 


1 (0.2%) 


1 




Apical periodontitis 


253 


6(2.4%) 


2 


4 


Apical periodontitis with abscess 


73 


2(2.7%) 




2 


Total 


789 


9(1.1 %) 







It has been believed that teeth with sympto- 
matic apical periodontitis should not be sealed 
in an acute situation, but should remain open to 
the mouth for rapid and reliable relief of pain. 
However, controlled clinical studies indicate 
that this is a misconception, and that leaving 
teeth open when the exudation has stopped 
only postpones, at best, the problems at hand. 
Open root canals will be filled with saliva and 
be colonized by bacteria from the oral cavity, 
and new, more severe exacerbations often occur 
when teeth that have been left open finally are 
instrumented and closed. Only on rare occasions 
when the periapical exudation is so severe and 
persistent that it is virtually impossible to close a 
tooth, should it be left open. Thus, in one 5-year 
retrospective study comprising 2184 patients 
with symptomatic apical periodontitis, only 1 1 
teeth were left open because of persistent exu- 
dation. In these instances it is good practice to 
have the patient come back and to perform the 
chemomechanical instrumentation and begin 
the antimicrobial treatment of the root canal as 
soon as possible, preferably within 24 hours. In 
this way, the formation of bacterial plaque in the 
open canal is limited to a minimum. It is rela- 
tively easily removed and since the new infec- 
tion is not yet well established, the bacteria are 
readily killed. 

Effective drainage may further be obtained by 
the incision of a fluctuant abscess (Fig. 7.2). In 
most instances this will lead to a dramatic relief 
from pain for the patient. If possible, the incision 
should be performed in addition to and not as a 
substitute for, the chemomechanical instrumen- 
tation of the root canal of the symptomatic 
tooth. In the 2184 patients referred to above, in- 
cision alone or incision combined with systemic 
antibiotic therapy was the sole emergency treat- 
ment in only 81 instances. 



Antibiotics (see p. 114). Symptomatic apical 
periodontitis can usually be treated without an- 
tibiotics. If good drainage has been established, 
the symptoms will disappear relatively quickly 
and the situation can be corrected with routine 
endodontic treatment. However, there are situ- 
ations in which the use of antibiotics is indicat- 
ed. If a patient's general health is influenced by 
the periapical inflammation, or if a patient's 
medical status is poor, antibiotics should be giv- 
en. Furthermore, antibiotics should be used for 
abscesses in the floor of the mouth, for peri- 
mandibular abscesses, or for any other dramatic 
inflammatory condition with severe swelling, 
especially when the symptomatic tooth cannot 
be reached for instrumentation or surgical 
drainage is not achieved otherwise. Remember 
that the inflammatory process involved in these 
situations occurs in the face— throat region with 
anatomically determined routes of spread to the 
brain as well as the mediastinum. In the actual 
situation it does not help much to think about 
statistics or to worry about general abuse of an- 
tibiotics. On the contrary, the clinician is respon- 
sible for the health of each individual patient 
and must provide the best treatment that is 
available at any time. 

Occlusion. A tooth with symptomatic apical 
periodontitis will be pushed slightly out of its 
socket by the exudate in the periapical tissues. 
Consequently, each time the patient closes on 
the tooth, the periodontal tissues, which are al- 
ready hypersensitive due to the exacerbation, 
are traumatized. Careful reduction of either the 
crown of the tooth, its antagonist, or both to 
avoid the traumatic occlusion normally has a 
distinct palliative effect. What also results from 
the occlusal adjustment is that the tooth is, in a 
way, immobilized. This is both correct and effec- 
tive therapy in such a situation. 
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Fig. 7.2 a Fluctuant abscess in the oral vestibule. 

b To obtain optimal drainage, the incision is made at 
the low point of the swelling, c An H-shaped drain 
made of a rubber dam is used to keep the incision open 



Pain and anxiety control. In addition to local 
treatment and necessary systemic antibiotic 
therapy, most patients with symptomatic apical 
periodontitis should be on a mild analgesic re- 
gime. Nonnarcotic drugs are preferable and in 
most instances more than adequate. Analgesics 
with an anti-inflammatory effect, like ibuprofen, 
have proven to be especially effective and for 
pain control are the drugs of choice. If patient 
fear or anxiety presents a problem, a tranquilizer 
like diazepam should be used and not a narcotic 
analgesic. In some instances sleeping pills may 
be helpful as well. 



In this context it must also be remembered 
that a most important factor in pain and anxiety 
control is a dentist who exhibits security and au- 
thority as well as warmth and understanding for 
the situation at hand. The dentist's behavior can 
make an uneasy patient calm and confident. If 
this is achieved, the patient will be better pre- 
pared to tolerate the potentially painful treat- 
ment and the postoperative period of discomfort 
that are often unavoidable. 
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8 Endodontic Aspects of Root Resorption 



The mineralized tissues of the permanent teeth 
are not normally resorbed. They are protected in 
the root canal by the predentin and the odonto- 
blasts and on the root surface by the precemen- 
tum and the cementoblasts. If the predentin or 
the precementum becomes mineralized or, in 
the case of precementum, is mechanically dam- 
aged or scraped off, osteoclast-like cells will col- 
onize the mineralized or denuded surfaces and 
resorption will ensue. However, resorbing cells 
require continuous stimulation during phagocy- 
tosis, and stimulation by a denuded dentin or ce- 
mentum surface is not sufficient to sustain the 
resorptive process for long. A phagocytic colo- 
nization of denuded areas of the root, therefore, 
will be transient without additional stimulation 
of the cells, and repair with formation of a ce- 
mentum-like tissue will occur both in the root 
canal and on the root surface. (Fig. 8.1 ). This type 
of resorption is referred to as transient root re- 
sorption. 

Transient root resorption occurs quite fre- 
quently in traumatized teeth and in teeth which 
have undergone orthodontic and periodontal 
treatment, but is also seen in other teeth appar- 



ently as a result of wear and tear. Transient root 
resorption is without clinical importance and 
the resorption defects are usually too small to 
be detected, even radiographically. 

Root resorption which is initiated by a denud- 
ed area of the root surface may be sustained by 
mechanical irritation, increased pressure in the 
tissue, or infection of the root canal and tubules 
of the crown and root dentin. 

Mechanical stimulation of osteoclasts to sus- 
tain a progressive resorption is seen, for exam- 
ple, in root-fractured teeth where the sharp edg- 
es of the root fragments are selectively resorbed. 
Only when the fragments are well rounded and 
cause no further tissue irritation will the resorp- 
tion stop (Fig. 8.2). 

Pressure resorption in the permanent denti- 
tion may be seen during tooth eruption, espe- 
cially of maxillary canines and mandibular third 
molars, and in patients with certain tumors im- 
pinging on the roots of the teeth. Pressure re- 
sorption is also commonly seen during ortho- 
dontic movement of teeth, usually in the form 
of apical resorption and a shortening of the roots 
(Fig. 8.3). Pressure resorption may be quite de 




Fig. 8.1 Transient root resorption (a) on the root surface and (b) in the root canal. A cementum-like tissue is laid 
down in the resorption lacunae at both locations 
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structive if diagnosed late on. However, the re- 
sorptive process will be arrested when the stim- 
ulation of the resorbing cells stops. 

Root resorption sustained by infection is by far 
the most important clinical condition from an 
endodontic point of view. It can occur in the root 
canal (called internal resorption; Fig. 8.4), or on 
the root surface (referred to as cervical resorp- 
tion; Fig. 8.5 or external inflammatory resorption; 
Fig. 8.6), depending on whether the microbial 
stimuli come from the gingival sulcus or from 
the root canal. An infectious inflammation is ac- 
companied by the production and release of cy- 
tokines such as interleukin-1, tumor necrosis 
factor, and lymphotoxin, which are mediators of 
hard-tissue resorption. In addition, prostaglan- 
din E 2 , bacterial products, and components such 
as endotoxins will be present. A resorptive pro- 
cess sustained by infection can therefore pro- 




Fig. 8.2 Radiograph of a maxillary left central incisor 
24 years following a traumatic injury resulting in a 
fracture of the root of the tooth. Note selective 
resorption of the sharp edges of both root fragments 
and repair 




Fig. 8.3 a-d Radiographs of maxil- 
lary and mandibular teeth with api- 
cal root resorption following ortho- 
dontic tooth movement. The root 
resorption in this case is severe and 
the etiology may not be fully un- 
derstood 
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Fig. 8.4 Fig. 8.5 Fig. 8.6 



Fig. 8.4 Radiograph of a maxillary central incisor with a midroot radiolucentarea indicating internal root resorption 

Fig. 8.5 Radiograph of an endodontically treated maxillary incisor with a cervical radiolucent lesion in the tooth 
and adjacent bone (arrow) indicating cervical root resorption. Note the difference in the location of the resorption 
cavity and the proximal restorations of carious lesions 

Fig. 8.6 Radiograph of a maxillary left central incisor with external inflammatory resorption. Four months following 
a luxation injury, most of the root is resorbed. Note that the outline of the entire root canal can be recognized 




Fig. 8.7 Radiograph of a maxillary left central incisor 
with replacement resorption. The tooth is ankylosed 
and in infraocclusion, and the root has been replaced 
by bone. Note that endodontic treatment has had no 
effect on this type of resorption 



gress quite rapidly, and in a short time may lead 
to complete destruction of the root (Fig. 8.6). 

Replacement or endosteal root resorption is 
seen in teeth which have suffered dentoalveolar 
ankylosis because of necrosis of the periodontal 
ligament. With time, the roots of these teeth will 
be replaced by bone (Fig. 8.7). 
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Internal Root Resorption 



Traditionally, internal resorption has been asso- 
ciated with a long-standing, chronic inflamma- 
tion in the pulp (Fig. 8.8). This may hold true in 
the sense that the transient type of internal re- 
sorption discussed above may occur if the odon- 
toblasts in an area of the root canal are de- 
stroyed so that the predentin becomes miner- 
alized. However, in teeth with progressive 
internal resorption where the resorption lacu- 
nae are large enough to be diagnosed radio- 
graphically, the resorptive activity is sustained 
by infection of necrotic tissue coronally in the 
root canal. Bacterial products may then reach 
areas of the canal with vital pulp tissue through 
the dentinal tubules (Fig. 8.9). Thus, in order for 
progressive internal resorption to occur, the 
dentinal tubules have to have a special and for- 
tuitous course. They have to be open to an area 
of the root canal where the tissue is necrotic and 
infected so that microorganisms may enter the 
tubules, and then lead to an area of the canal 
with vital pulp tissue. This is a rather unlikely 
occurrence and probably explains why progres- 
sive internal resorption is a rarity in permanent 
teeth. 

An internal resorption lacuna when seen ra- 
diographically is a definite sign that endodontic 
treatment is indicated. Clinically in such teeth, 
one will find pulp necrosis in the pulp chamber 
and usually in the root canal to a level some- 




Fig. 8.8 Interface between necrotic (N) and vital 
inflamed tissue in a root canal. Resorption of the root 
canal walls (internal resorption) near the inflamed area 
of the pulp can be seen (hematoxylin-eosin) 





Fig. 8.9 Interface between necrotic 
(N) and vital tissue with an internal 
resorption lacuna in a root canal. 

Bacteria are present in the dentinal 
tubules leading from the area of the 
root canal with necrotic (infected) 
tissue to an area with vital tissue and 
internal resorption (Brown-Brenn 
stain) 
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Fig. 8.1 0 a Radiograph of a maxil- 
lary incisor with a radiolucent lesion 
due to cervical resorption. Cervical 
resorption lacunae located on the 
buccal or lingual root surfaces are 
often mistakenly diagnosed as 
internal resorption, b Radiograph of 
the extracted tooth shows the 
external nature of the resorption 
defect 



a b 



where coronally to the resorption lacuna. The 
resorptive area and the root canal apical to this 
area will contain vital tissue. In some instances, 
the entire pulp will be necrotic. The resorptive 
process will then have stopped since obviously 
vital cells are needed for the resorption to con- 
tinue. In root canals with vital tissue it may 
prove difficult to remove the tissue in the re- 
sorption lacuna since this cannot be reached by 
instruments. Irrigation with copious amounts of 
5 % sodium hypochlorite may have some effect, 
but the treatment of choice is to pack the canal 
and the resorption lacuna with calcium hydrox- 
ide paste. By the next visit, the calcium hydrox- 
ide will have necrotized any remaining tissue in 



the lacuna, and the necrotic remnants are read- 
ily removed by irrigation with sodium hy- 
pochlorite. 

A rather common finding at the second visit 
is vital granulation tissue and bleeding in the re- 
sorptive area of the root canal. This can only 
mean that there is a communication between the 
root canal and the periodontal ligament. The 
communication may be due to a perforation of 
the root by progressive internal resorption. 
However, in most instances it will be due to an 
external resorptive process having perforated to 
the root canal. Cervical root resorption is the 
type of external resorption most often misdiag- 
nosed as internal resorption (Fig. 8.10). 



Cervical Root Resorption 



Cervical root resorption is a rather commonly 
occurring, not well-recognized, late complica- 
tion after traumatic injuries to the teeth (Fig. 
8.5). It may also occur after orthodontic tooth 
movement, orthognathic and other dentoalveo- 
lar surgery, bleaching of teeth, and a wide vari- 
ety of other "traumatic" conditions. In many in- 
stances the history is obscure. Cervical resorp- 
tion appears to follow injury to the cervical 
attachment apparatus of the tooth, most impor- 
tantly to an area of the cervical root surface be- 
low the epithelial attachment. It is most often 
an inflammatory type of resorption with clast- 



like cells colonizing the damaged area of the 
root. The necessary stimulation of the resorbing 
cells to maintain the resorptive process is seem- 
ingly provided by bacterial products via the 
tubules of the cervical dentin from the gingival 
sulcus and the surface of the tooth. 

If the local injuries lead to local necrosis of the 
periodontal ligament, cervical resorption may 
take the form of ankylosis and replacement re- 
sorption. This has reportedly been seen follow- 
ing the use of 30% hydrogen peroxide in con- 
junction with bleaching of teeth. 
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As the name implies, cervical resorption begins 
in the cervical area of the tooth below the epithe- 
lial attachment (Fig. 8.11). The damaged area of 
the root surface where the resorption starts may 
be very small. The resorbing cells will penetrate 
the tooth through the small denuded area and 
cause a spreading of the resorption inside the 
dentin of the root. At first the resorptive process 
will not penetrate to the pulp because of the 
protective qualities of the predentin, but rather 
spread around the root canal in an irregular 
fashion. Because of this pattern of spreading in- 
side the root, cervical resorption is also referred 
to as external-internal, or invasive resorption. 

With time, the resorptive process will usually 
penetrate to the root canal. In addition, cervical 
resorption will include the alveolar bone adja- 
cent to the resorption lacuna in the tooth. Radi- 
ographically, therefore, the condition may have 
the appearance of periodontal disease with an 
infrabony periodontal pocket (Fig. 8.5). 

Cervical resorption is not a pulpal reaction nor 
is it maintained by pulp necrosis or root canal 
infection. However, the condition is of consider- 
able endodontic importance because by pene- 
trating to the root canal it becomes an endodon- 
tic problem that requires endodontic treatment. 
Cervical resorption is usually asymptomatic and 
as a rule will be diagnosed in a routine radio- 
graphic examination. However, the patient may 
present with pain of pulpal origin if the resorption 
has perforated to the root canal and exposed the 
pulp. If the resorptive process reaches a suprag- 
ingival area of the crown, the well-vascularized 
granulation tissue of the resorption lacuna may 
be visible through the enamel and the patient 
will present with a so-called pink spot or pink 




Fig. 8.1 1 Diagram of a tooth with cervical resorption 
defect. The resorption begins in a denuded area of the 
root below the gingival attachment and is apparently 
sustained by bacterial products from the sulcus. 
Cervical root resorption is always accompanied by 
resorption of the adjacent marginal bone, giving the 
radiographic appearance of an infrabony pocket 



tooth (Fig. 8.12). Traditionally, this condition has 
been thought to be caused by internal resorp- 
tion. However, in most instances it is due to cer- 
vical resorption. 

With regard to therapy, the most effective ap- 
proach is to expose the resorption lacuna surgi- 
cally and remove the granulation tissue (Figs. 
8.12, 8.13). The resorptive defect is then shaped 
as a cavity with necessary retentive areas and 
restored, preferably with a bonded restoration. 

Teeth in which a perforation to the root canal 
has occurred obviously need endodontic treat- 
ment. If a perforation to the root canal is ascer- 




Fig. 8.1 2 a Maxillary right central 
incisor with a pink spot in the cervical 
area of the buccal surface (arrow). 

b Envelope flap is raised, exposing 
resorption cavity with granulation 
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tained or strongly suspected during the exami- 
nation of the patient, the root canal treatment 
should be performed prior to a surgical exposure 
of the resorption lacuna (Fig. 8.13). This has the 
advantage that resorption lacunae with minute 



external openings may be cleaned out and ob- 
turated from the root canal (Fig. 8.14). However, 
if this method is used, follow-up examinations 
are especially important to make sure that the 
resorptive process really has been arrested. 



Fig. 8.13 a Radiograph of a maxillary 
lateral incisor with cervical root 
resorption. The patient presented 
with severe symptomatic pulpitis 
because of exposure and infection of 
the pulp through the undiagnosed 
resorption cavity, b Pulpectomy with 
root canal filling is performed, c The 
cervical resorption lacuna is exposed, 
cleaned, and restored with the acid- 
etch resin technique, d Postoper- 
ative radiograph (radiolucent resin 
was used for cervical restoration) 





Fig. 8.14 a Radiograph of a maxillary 
first molar with a cervical resorption 
lacuna encompassing the greater part 
of the coronal dentin, b Following 
pulpectomy and root canal filling, the 
pulp chamber, including a minute 
distolingual opening to the perio- 
dontium (arrow), was restored with 
the acid-etch resin technique 
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External Inflammatory Root Resorption 



The condition referred to as external inflamma- 
tory root resorption is a commonly occurring 
complication following displacement of the 
teeth, i. e., after luxation and avulsion injuries. 
The extrusion or intrusion of the tooth as well 
as subsequent repositioning or replantation pro- 
cedures will inevitably cause damage to the root, 
resulting in denuded areas on the root surface 
which will be chemotactic to phagocytes. Tran- 
sient root resorption will then ensue. 

In addition, displacement of the teeth leads to 
a disruption of the pulpal blood vessels at the 
apical foramina and to ischemic pulp necrosis 
(see p. 26). Microorganisms may then reach the 
root canal through enamel-dentin cracks and 
exposed dentinal tubules, and establish an in- 
fection, usually after a few days. The transient 
root resorption induced by the denuded areas of 
the root surface may now have exposed the tu- 
bular root dentin. Bacterial products from the in- 
fected root canal can then reach the resorptive 
areas on the root surface through the dentinal 
tubules and sustain the resorption of the root 
(Fig. 8.15). 

Thus, external inflammatory root resorption 
is initiated by mechanical trauma, resulting in 
the removal of cementoblasts, precementum, 



and sometimes cementum in areas of the root 
surface. The resorptive process is then main- 
tained by bacterial products from the infected 
root canal which provide the necessary contin- 
uous stimulation of the resorbing cells. The con- 
dition can be recognized radiographically after a 
few weeks as periradicular radiolucent areas en- 
compassing areas of the root and the adjacent 




Fig. 8.15 Section of the root end of a nonvital tooth. 

Microorganisms are seen in necrotic tissue in the root 
canal (to the left) and in the dentinal tubules leading to 
external resorption lacunae (Brown-Brenn stain) 




Fig. 8.1 6 a Diagram of a tooth with 
external inflammatory resorption. The 

resorption of the root is associated with 
resorption of the adjacent bone, 
b Radiographically, radiolucent lesions 
are seen in the periodontium adjacent 
to external resorption lacunae 
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alveolar bone (Fig. 8.16). If allowed to progress, 
the resorptive process may destroy the tooth 
completely in a few months. However, by means 
of endodontic treatment, i. e., removal of the ir- 
ritants from the root canal, the external inflam- 
matory resorption can be arrested. 

Any adequate endodontic treatment method 
will have an effect on the resorptive process. How- 
ever, there is considerable clinical evidence that 
long-term treatment with calcium hydroxide 
provides the most predictable results. When cal- 
cium hydroxide is placed in the root canal, it 



Fig. 8.17 Transverse section of a monkey tooth with 
calcium hydroxide in the root canal for 30 days. A pH 

indicator brought in contact with the root dentin 
reveals high alkalinity (pH > 1 1 ) of the content of the 
dentinal tubules 




Fig. 8.18 a Radiograph of a nonvital maxillary lateral 
incisor with a periradicular radiolucency and external 
inflammatory resorption, b Long-term calcium 
hydroxide treatment is initiated. Extrusion of calcium 
hydroxide paste to the external resorption lacuna has 



occurred, indicating that the resorptive process has led 
to a perforation of the root, c After 6 months, 
resolution of the periradicular radiolucent lesion and 
reestablishment of the periodontal ligament space are 
evident and the root canal is permanently obturated 
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will effectively kill the bacteria and, in addition, 
it will influence the local environment at the re- 
sorption sites on the root surface through the 
dentinal tubules (Fig. 8.17). Because of its high 
pH, calcium hydroxide will neutralize the lactic 
acid from the osteoclasts, thus preventing a dis- 
solution of the mineral component of the root. 
Moreover, an alkaline pH at the resorption site 
will be unfavorable for the collagenase and acid 
hydrolase activity of the resorbing cells, and 
may also stimulate alkaline phosphatases, 
which play an important part in hard-tissue for- 



mation and repair. It appears, therefore, that cal- 
cium hydroxide would prevent a continuation of 
the resorptive process and, in addition, might 
stimulate repair. The calcium hydroxide treat- 
ment is discontinued when a continuous perio- 
dontal ligament space is observed along the 
root, usually within 6-12 months. The root canal 
is then permanently obturated (Fig. 8.18). A suc- 
cess rate of 96 % has been reported for the treat- 
ment of external inflammatory root resorption 
with this method. 



Replacement Resorption 



Dentoalveolar ankylosis occurs after extensive 
necrosis of the periodontal ligament with for- 
mation of bone on the root surface. Clinically, 
the condition is most often seen as a complica- 
tion of luxation and avulsion injuries, especially 
in avulsed teeth which have been out of the 
mouth long enough for the cells of the periodon- 



tal ligament attached to the root to die (Fig. 
8.19). 

If less than 20 % of the root surface is involved, 
reversal of the ankylosis may occur (Fig. 8.20). 
If not, ankylosed teeth are incorporated into the 
alveolar bone and will become part of the nor- 
mal remodeling process of the bone. Conse- 







Fig. 8.19 a Diagram of an ankylosed tooth with 
replacement resorption. During remodeling of the 
alveolar bone, the dental tissues in contact with the 
bone by mistake are resorbed as well and are replaced 
by bone, b Radiograph of an ankylosed maxillary central 
incisor undergoing replacement resorption. Note the 



moth-eaten appearance of the root and the absence of 
a periodontal ligament space, c Section of an ankylosed 
dog tooth with advanced replacement resorption. 
Note that not only the hard tissues of the root, but also 
the pulp is being replaced by bone (van Gieson stain) 
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Fig. 8.20 Section of a tooth with ankylosis in a small 
area of the root surface ("spot ankylosis"). Because of 
stimulation from the use of the tooth, osteoclasts will 
sometimes resorb small ankylosed areas so that the 
ankylosis "breaks up". Cemental repair of the root 
surface with a normal periodontal ligament may then 
develop (hematoxylin-eosin) 



quently, they will gradually resorb and be re- 
placed by bone, hence the term replacement re- 
sorption (Fig. 8.7). The resorbing cells in 
replacement resorption are the osteoclasts nor- 
mally involved in bone remodeling. 

Clinically, dentoalveolar ankylosis will be rec- 
ognized because of the lack of mobility of anky- 
losed teeth. These teeth will also have a special, 
metallic percussion sound, and after some time 
they will be in infraocclusion (Fig. 8.21). Radio- 
graphically, dentoalveolar ankylosis may be rec- 
ognized by the absence of a periodontal liga- 
ment space (Fig. 8.19). Also, replacement resorp- 




Fig. 8.21 Radiograph of an ankylosed maxillary right 
central incisor in infraocclusion undergoing re- 
placement resorption. The tooth was avulsed and 
replanted 28 years earlier 



tion with ingrowth of bone into the dental 
tissues will give the tooth a characteristic moth- 
eaten appearance. There is presently no treat- 
ment for this condition and ultimately the 
crown of the tooth will break at the gingival 
crest and fall out. It should be known, however, 
that the speed with which the tooth is replaced 
by bone may vary and is usually quite slow. In 
most instances it takes years, sometimes dec- 
ades, before the root is fully resorbed (Fig. 8.21). 
One should therefore never exaggerate or dram- 
atize this situation for a patient or a parent of a 
patient when replacement resorption is diag- 
nosed. Rather, one should stress the fact that the 
process progresses slowly and that by the time 
the tooth might fall out it can usually be ade- 
quately replaced. 
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9 Endodontic Instruments 



A variety of instruments are available for the ex- 
tirpation of the pulp and the instrumentation, 
preparation, and obturation of the root canal. Al- 
though almost all these instruments were de- 
signed between 50 and 100 years ago, important 



changes have occurred in recent years with re- 
gard to their quality, efficacy, and standardiza- 
tion. Root canal instruments are available as 
hand instruments and many of them as engine- 
driven instruments. 



Root Canal Instrumentation 




Hand Instruments 

Broaches and rasps. These instruments repre- 
sent the oldest forms of root canal instruments 
(Fig. 9.1). They are made from round steel wire 
blanks and working edges are created by cutting 
into the wire at an angle to its long axis and then 
elevating the edges of the cuts. The depth, angle, 
and number of cuts (barbs) will determine how 
the instrument is used. 

The broach is used to extirpate the vital pulp. 
It is introduced into the pulp and rotated so that 
the barbs engage the tissue. The pulp can then 
be removed, often in one piece. In modern en- 
dodontics this method is not recommended, as 
the pulp tissue is torn somewhere near the api- 
cal foramen, often impinging on the periodontal 
ligament as well. Rather, an instrument is used 
that cuts the pulp tissue at the desired apical lev- 
el before it is removed. 



The rasps, or "rat tail files," are used to instru- 
ment and enlarge the root canal. Cutting occurs 
by longitudinal movement of the rasp toward 
the canal wall. The instrument is effective, but 
is not widely used today, since the barbs readily 
fall off during instrumentation and end up in the 
root canal. 

Recently, two instruments with a cutting sur- 
face somewhat similar to that of the rasp have 
been brought onto the market, namely the Rispi 
file and the Sonic Shaper (Fig. 9.2). These instru- 
ments have circumferential grooves rather than 
single barbs and they hold up in use considera- 
bly better than the rasps. At present these in- 
struments are available only with automated 
devices. 

Reamers and files. Reamers and files are by 
far the most widely used root canal instruments. 
Traditionally, this group of instruments has been 
made from stainless steel and comprises two ba- 




Fig.9.1 Root canal broaches. A new broach with barbs Fig. 9.2 a Rispi file, b Sonic Shaper file. These 
is visible (top). The barbs have fallen off during use of instruments have "barb-like" cutting surfaces and 
the broach in the root canal (bottom) smooth ends to avoid ledging of the root canal wall 
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Fig. 9.3 a K-reamer, K-file, and Hedstrom file (from 
top), b The K-type instruments (top) are twisted to give 
the working end a spiral form. They are used with 
longitudinal filing and rotary cutting actions. The flutes 
of the Hedstrom file (bottom) constitute a continuous, 
screw-like spiral. The file is used with longitudinal filing 
actions and is not a rotary cutting instrument, 
c Scanning electron micrograph of K-type instruments 
with sharp, cutting tip (top) and rounded, noncutting 
tip (bottom) 



sic designs, the K-type instruments (K-files and 
K-reamers) and the Hedstrom file (Fig. 9.3). 

The K-type instruments are made from rectan- 
gular or triangular blanks. They are twisted to 
give the working end of the instruments a spiral 
form. The number of spirals or cutting flutes 
may differ, but is higher in the file than in the 
reamer. Another difference is that the file is usu- 
ally made from a rectangular blank, whereas the 
reamer has a triangular cross section. Because of 
its fewer flutes and triangular cross section, the 
K-reamer is a much more flexible instrument 
than the K-file. However, triangular K-files with 
increased flexibility are now available, as are 
files with a rhomboid-shaped cross section. 

The K-file is used to enlarge the canal with a 
longitudinal filing and a rotational cutting ac- 
tion, or rather by a combination of the two. The 
reamer may be used in an identical fashion, but 
is most effective as a rotary cutting instrument. 
Recently new technology has been developed 
whereby K-type reamers and files are machined 
from round wires rather than twisted from 
square or triangular blanks. This has opened up 
interesting perspectives in terms of properties 



like stiffness, sharpness, and flexibility of the in- 
struments. Another modification that has prov- 
en to be clinically useful is the rounding off of 
the original sharp, cutting tip of the K-type in- 
struments (Fig. 9.3). Instruments with an inac- 
tive noncutting tip follow the root canal better 
than instruments with active tips. Still, stainless 
steel instruments are rigid enough that they 
should be precurved to match the curvature of 
the root during instrumentation of curved ca- 
nals. 

The versatility of the K-type instruments was 
further greatly improved by the introduction of 
instruments made of nickel-titanium. This ma- 
terial is superelastic and instruments made of 
nickel-titanium are extremely flexible (Fig. 9.4). 
With a noncutting tip they will follow curved ca- 
nals well. The instrumented canals will be well 
centered and inner-curve strip perforations and 
apical outercurve "elbows" or perforations that 
might occur with the more rigid steel instru- 
ments are basically not seen. Thus, in curved ca- 
nals the nickel-titanium instruments offer real 
advantages because of their flexibility. 
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Fig. 9.4 a A nickel-titanium instrument is bent to show 
its flexibility, b Practical sequence of K-type 
instruments. The size 1 0, 1 5, and 20 instruments are in 
stainless steel. The instruments size 25-60 are in 
nickel-titanium, and from 70 and up again in steel. 



The nickel-titanium files are machined from 
round wires since, because of the flexibility of 
the material, they cannot be twisted. K-files are 
made in sizes 10-60. They are not nearly as 
sharp and effective as matching instruments 
made of stainless steel. Still, because of their ex- 
treme flexibility they will often be the instru- 
ments of choice. However, the smallest nickel- 
titanium instruments (sizes 10-20) are so flex- 
ible that they become ineffective and very diffi- 
cult to use. It is therefore good clinical practice to 
use steel files in the smallest sizes since they are 
flexible enough and then to begin the nickel-tita- 
nium instruments with size 25 (Fig. 9.4). 

The Hedstromfile is made from a round blank. 
The flutes of the file are machined into the blank 



and constitute a continuous spiral like in a screw 
(Fig. 9.3). The angle of the flutes to the long axis 
of the instrument is close to 90°. Thus, the Hed- 
stromfile is designed to be used with longitudinal 
filing motions and is not a rotary cutting instru- 
ment. The Hedstrom file is by far the most effec- 
tive hand instrument for root canal instrumen- 
tation. However, to reach its full potential it 
should be used in combination with rotary cut- 
ting instruments. 

Attempts have been made to improve the ro- 
tary cutting ability of Hedstrom-type files by de- 
creasing the flute angle of the instruments. 
However, this leads to a decreased efficacy of the 
instruments when used with longitudinal filing 
motions, and at present these instruments do 
not enjoy a wide acceptance. 

Standardization of instruments. K-type in- 
struments and Hedstrom files are today stan- 
dardized (Fig. 9.4). This means that all manu- 
facturers make their brand of instruments ac- 
cording to a standard or specification for root ca- 
nal instruments as determined by standardiza- 
tion organizations. The numbering of the instru- 
ments is identical with the diameter of the 
instruments at their tip (Dl) expressed in hun- 
dredths of a millimeter (Fig. 9.5). Thus, no. 40 in- 
strument has a diameter at the tip (Dl) of 40/ 
100 mm, which is 0.4 mm. The standardized in- 
struments are manufactured in numbers or sizes 
from 10-150. In the sizes 10-60 there is an in- 
strument for each 5/100 mm increment at Dl, 
whereas from size 60 and above the increment 
is 10/100 mm. K-type instruments are available 
in a size 8 as well. 

The standardized instruments are made in 
lengths of 21, 25, and 31 (30) mm. However, the 
length of the part of the blade with cutting flutes 
is always the same, namely 16 mm. Also, the 
flare of the blade is always the same regardless 
of the size of the instrument. Thus, the diameter 
of the blade where the cutting flutes end (D2) is 
the diameter at the tip (Dl) plus 0.32 mm. This 
means that the taper of the instruments is 
0.02 mm per mm. The manufacturing tolerance 
is 0.02 mm. Accordingly, the diameter of two in- 
struments with the same number may vary as 
much as 0.04 mm. The colors white, yellow, red, 
blue, green, and black are used on the handles 
of the instruments to indicate their size. Since 
originally instrument no. 15 was the smallest in- 
strument, the standardized color coding begins 
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at this size. Thus, no. 15 instruments are white, 
no. 20 yellow, no. 25 red, no. 30 blue, no. 35 
green, and no. 40 are black. No. 45 instruments 
have white handles again, and the color coding 
is repeated. In addition, no. 10 instruments have 
purple-colored and no. 8 instruments have sil- 
ver-colored handles. 

Engine-Driven Instruments 

Instruments with reciprocal rotary action. 

Most of the traditional stainless steel hand in- 
struments are available with latch key grips and 
may be used with a rotary action in a regular 
slow-speed handpiece. However, with this tech- 
nique instrument fractures will readily occur 
and perforations of the root will be a routine ob- 
servation. Steel instruments should therefore 
not be used with engine-driven, continuous ro- 
tary action. 

Better results have been obtained with hand- 
pieces especially made for root canal instrumen- 
tation. These devices are designed to give the 
root canal instruments a movement that will fa- 
cilitate the instrumentation of the canal with a 
minimum of instrument fractures and other 
mishaps. A well-known design used by several 
manufacturers is a handpiece that operates by a 
rotary reciprocal action through a 90° arc (Fig. 
9.6). Combined with suitable root canal instru- 
ments, these devices work well, although the ro- 
tary action will invariably lead to some instru- 
ment fractures. 

An interesting concept is available in contra- 
angles used with a slow-speed handpiece where 
the basic pattern of movement is a lengthwise, 
vibratory motion of the root canal instrument at 
a variable range between 0.3 mm and 1.0 mm. 
The vibration amplitude is inversely related to 
the resistance during instrumentation. Thus, if 
the resistance is nil, the root canal instrument 
will have a linear motion. If a forward motion is 
not possible (stop in the canal), the linear move- 
ment is replaced by a 90° rotary reciprocal ac- 
tion. With moderate resistance the instrument 
in the canal will have a forward motion plus a 
certain rotary reciprocal movement. This auto- 
mated system has been found to be as efficient 
as systems with a pure reciprocal action in all 
canal configurations. However, fewer mishaps 
are seen when the instruments are allowed fre- 
er, more complex movements in the canal. 



Nickel-titanium rotary instruments. The 

introduction of the superelastic and flexible 
nickel-titanium alloy in endodontics created a 





5 j 


D1 


1 : 


i 

: : 

; j 








no 


S 


i 









Fig. 9.5 Standardized root canal instrument no. 50 of 
21, 25, and 30 mm length. The numbering of the 
instruments is identical with the diameter at their tips 
(D1) expressed in hundredths of a millimeter. Note 
that the length of the cutting end of the instruments 
(D1 -D2) is always 1 6 mm regardless of the total length 
of the instrument 




Fig. 9.6 Diagram of an endodontic handpiece giving 
root canal instrument rotary reciprocal action through 
a 90° arc 
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Fig. 9.7 A selection of engine-driven nickel-titanium 
root canal instruments showing innovation in design 




Fig. 9.8 Diagram indicating cross sections of six 
engine-driven nickel-titanium root canal instruments. 

In spite of the variations in appearance, two basic 
design ideas may be recognized: instruments that are 
sharp and instruments where the cutting edges have 
been "flattened" to reduce their aggressiveness 




Fig. 9.9 Nickel-titanium rotary instrument (RaCe) 
which combines spiraled and nonspiraled sections 
along its working length. This design minimizes 
frictional resistance inside the canal. Also, the 
instrument has a triangular cross section guaranteeing 
cutting efficiency. Note the rounded tip of the 
instrument 



wave of innovation. It soon became clear that 
continuous rotary instrumentation of the root ca- 
nal might be attainable with flexible nickel-tita- 
nium instruments, and several companies set out 
to design instruments, handpieces, and motors, 
and to devise techniques that would be effective 
and safe. Presently more than 10 different sys- 
tems of nickel-titanium instruments designed 
for engine-driven continuous rotary instrumen- 
tation of the root canal are available (Fig. 9.7). 

Basically all endodontic instruments are de- 
signed like screws with one or more cutting he- 
lixes. When used with motorized rotation they 
therefore have a tendency to screw into the root 
canal until they become stuck or break. In order 
to avoid this phenomenon, several designs have 
been proposed and various measures have been 
taken. Thus, several manufacturers have chosen 
to flatten the cutting edges of the instruments 
in order to reduce their agressiveness (Fig. 9.8). 
However, this leads to a reduction in cutting ef- 
ficiency which almost unavoidably leads to an 
increased use of force and a higher working 
torque. The result then will be an increased rath- 
er than a reduced fracture risk. Thus, instruments 
meant for motorized rotation also should be 
sharp. Also, a rotary instrument should have var- 
iable helical flute angles. This will reduce the 
screwing-in effect, and debris will be removed 
from the canal in an efficient manner. One in- 
strument is unique in this regard in that it com- 
bines spiraled and nonspiraled (straight) sec- 
tions along its working length (Fig. 9.9). This de- 
sign feature practically eliminates the screwing- 
in effect. Also, this instrument has the triangular 
cross section of a K-file with sharp edges, guar- 
anteeing cutting efficiency. The instrument has 
been succsessfully designed to minimize fric- 
tional resistance inside the canal and thereby re- 
duce torque demands. As a result, the instru- 
ment can be run at 500 rpm. 

A reduction in working torque has moreover 
been achieved by designing instruments with 
different tapers so that only a part of the root ca- 
nal can be instrumented at a time. Most engine- 
driven systems offer instruments with tapers 
from the standard 0.02 mm to 0.10 mm. Three 
instruments with taper 0.10, 0.08, and 0.06 mm 
are usually short (16-19 mm) and used to open 
up and enlarge the coronal half of the canal. In- 
struments with taper 0.06-0.02 mm of normal 
length and sizes are then available to instrument 
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the apical half of the canal. Thus, a practical se- 
quence of instruments might be 40/0.10, 35/ 
0.08, 30/0.06, 30/0.04, and 25/0.02 (see p. 187). 
Such a sequence of instruments would follow 
the golden rule of engine-driven instrumenta- 
tion: maximize efficiency, minimize engagement, 
and maintain safety. In narrow canals the instru- 
ment 40/0.1 0 might not be used. In many canals, 
the instrument 30/0.06 might go to working 
length. Thus, not all instruments are used in all 
canals, but the entire sequence should be avail- 
able. In addition, 0.02-tapered instruments size 
25 and up are used to prepare the apical box. In- 
struments with 0.02 mm taper are also prefera- 
ble for the instrumentation of severely curved 
canals since the working torque is the lowest in 
these instruments. This minimizes cyclic fatigue 
from compression and tension in the instru- 
ments as they are rotated around a curve. Cyclic 
fatigue is insidious and not readily noticeable, 
but must not be forgotten when the decision is 
made whether an instrument should be discard- 
ed or used again. 

A final important design feature to permit safe 
use of engine-driven nickel-titanium instru- 
ments is the safety tip. The tip should be rounded 
and be noncutting or near noncutting (Fig. 9.9). 
This will allow the flexible instrument to follow 
the root canal so that stripping, transportation, 



or even perforation of the canal is avoided. A 
well-centered canal with smooth canal walls can 
be expected following instrumentation with 
these instruments and this technique. 

The fracture risk of the instruments is further 
influenced by the working speed. Thus, instru- 
ments run at 1 000 rpm will break twice as fast 
as instruments run at 500 rpm. The design of the 
instruments as far as it influences its working 
torque is important in this regard. Instruments 
with flattened cutting edges and high torque de- 
mands should be operated at 150-300 rpm, 
whereas sharp, low-torque, nonscrewing instru- 
ments may be run at 500-600 rpm with the 
same degree of safety. Also, the type of motor 
used is of importance for the risk of fracture. The 
handpiece of a standard dental unit has a work- 
ing torque of about 2.5 Ncm, whereas nickel-ti- 
tanium rotary instruments may break at torque 
levels below 1 Ncm. Low-torque and torque-lim- 
iting motors have, therefore, been designed spe- 
cifically to be used with the rotary instruments. 
One motor can even be set to operate below the 
maximum permissible torque limit of each rota- 
ry instrument, regardless of taper and size. The- 
oretically, an instrument fracture should then 
not occur. In any case, controlled experiments 
show a significant reduction in instrument frac- 
tures when low-torque motors are used. 
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Hand Instruments 

Root canal spreaders and pluggers. Root canal 
spreaders are tapered, pointed metal instru- 




a 



ments with a smooth surface (Fig. 9.10). They 
are used for lateral condensation of filling ma- 
terials in the root canal. Root canal spreaders are 
available in different sizes with different tapers 




b 



Fig. 9.10 a Examples of a root canal spreader (top) and root canal plugger (bottom). The spreader is tapered and 
pointed. The plugger is less tapered and has a flat end. b Finger plugger (left) and finger spreader (right) 



164 9 Endodontic Instruments 




Fig. 9.1 1 a Lentulo or spiral filler with a 
latch key grip so that it can be mounted 
in a slow-speed handpiece. bThe lentulo 
is used to introduce paste-like materials 
into the root canal 



and different flexibilities. They can have long 
handles like an explorer or they can be equipped 
with the short handle of a root canal instrument. 
In the latter instance they are called finger 
spreaders. 




Root canal pluggers are slightly tapered and 
flat-ended metal instruments with a smooth 
surface (Fig. 9.10). They are used for vertical con- 
densation of filling materials in the root canal. 
Like the spreaders, they are available with long 
or short handles. In the latter instance they are 
called finger pluggers (Fig. 9.10). 

Lentulo spirals. The lentulo is a wire spiral at- 
tached to a latch key grip so that it can be 
mounted in a slow-speed handpiece (Fig. 9.11). 
The lentulo is also called a spiral filler or a paste 
carrier and is used to introduce paste-like ma- 
terials into the root canal. Today it is widely used 
for the application of calcium hydroxide paste 
into the canal. It can also be used with perma- 
nent root canal sealers, but should then be hand- 
held rather than engine-driven in order to avoid 
overfilling the canal. 




Fig. 9.12 Scalpel blade no. 15 (right) is a good all- 
round blade in endodontic surgery. Blade no. 1 2 (left) 
is best used to free gingival tissues 



Gutta-Percha Guns 

Devices are now available whereby thermoplas- 
ticized gutta-percha may be injected into the 
root canal. Fairly large needles are necessary for 
the gutta-percha to flow so that a rather wide 
enlargement of the root canal is necessary to 
bring the needle close enough to the apical part 
of the root canal. 
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Fig. 9.1 3 Examples of a useful elevator (top) and tissue 
retractor (bottom) 




Fig. 9.14 Microhandpiece with small head and short 
(micro)bur is used to prepare retrograde cavities if 
access to the root end is sufficient 




Fig. 9.15 Multiangle vibratory tips (retrotips) for the 
preparation of retrograde cavities. The retrotips are 
energized by an ultrasonic unit. Because of their size 
and shape they can be used to prepare ideal root end 
cavities at most locations in the mouth 




Fig. 9.16 Mirrors used in endodontic surgery. The 

mirrors have shapes and sizes so that they may be used 
in surgical cavities 




Fig. 9.17 Plastic instrument and pluggers designed 
specifically for the filling of retrograde cavities 
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Surgical Instruments 




Preferably, a no. 12 scalpel blade is used to free 
gingival tissues with the dental papillae from 
the teeth (Fig. 9.12). Otherwise a no. 15 scalpel 
is a good all-round instrument. A good elevator 
to reflect the flap in endodontic surgery should 
be sharp (Fig. 9.13). Tissue retractors vary from 
blunt blades to sharp-toothed claws. A blade- 
type retractor should preferably be used, so that 
it can rest on bone during the operation. Round 
burs no. 6-12 in a low-torque high-speed hand- 
piece are used to remove necessary bone. A long- 
shank fissure bur no. 557 or similar instrument 
is used to bevel the apex of the tooth or to re- 
move the root tip. A microhandpiece and round 
or inverted cone microburs may be used for the 
preparation of retrograde cavities (Fig. 9.14). In 



difficult-to-reach areas, ultrasonically energized 
multiangle tips are used (Fig. 9.15). These so- 
called retrotips can be diamond-coated for im- 
proved effectiveness. Ultrasonically energized 
instruments are also available for retrograde in- 
strumentation of unfilled root canals (Fig. 6.35). 
Mirrors of shapes and sizes so that they can be 
used in the surgical cavities are useful (Fig. 9.16), 
and pluggers in a variety of sizes and angulations 
that have been designed specifically for the fill- 
ing of retrograde cavities are available (Fig. 
9.17). 

A serrated needle holder, thin-tipped scissors, 
and atraumatic needles with attached 4-0 or 
3-0 sutures are needed for closure of the wound. 
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10 Endodontic Materials 



Endodontic materials in the widest sense are: 

1) Cavity base materials with a therapeutic 
effect, 

2) Pulp capping agents, 

3) Materials used for temporary closure of ac- 
cess cavities in teeth during endodontic 
treatment, 



4) Root canal filling materials, and 

5) Materials used for retrograde filling of the 
root canal, repair of root perforations, etc. 

Of these, base materials and pulp capping agents 
have been discussed above (see p. 86 and p. 88). 



Temporary Filling Materials 



An absolute requirement of a material for tem- 
porary closure of an access cavity is that it pro- 
vide a bacteria-tight seal In other words, the ma- 
terial must prevent oral bacteria from reaching 
the unfilled root canal. Most widely used for this 
purpose is a paste of zinc oxide and eugenol. Such 
a paste gives a good seal and has an antibacterial 
effect which adds to its protective properties. 
The thickness of the temporary filling is another 
factor which contributes to its sealing ability, 
and a zinc oxide— eugenol-type filling should be 
at least 3-4 mm and if at all possible 5 mm thick 
(Fig. 10.1). The root canal will then be well pro- 
tected for several weeks. If longer periods of pro- 
tection are required, a resin-reinforced zinc ox- 
ide-eugenol material like IRM cement may be 
used. 

A temporary filling material, Cavit, which is 
based on zinc oxide and calcium sulfate, is an- 
other alternative. Cavit is available in tubes and 
jars ready-mixed to be inserted into the access 
cavity. The material will set under the influence 
of moisture (saliva) and it gives a reliable bac- 
teria-tight seal when used in the necessary 
thickness (3-5 mm). 

Filling materials like amalgams, resins, and 
most cements will not give an adequate bacte- 
ria-tight seal of an access cavity. If it is desirable 
that such materials be used between endodontic 
visits for strength or esthetic reasons, the orifice 
of the root canal has to be sealed bacteria-tight 
first before the restorative material is inserted. 




Fig. 1 0.1 Radiograph of a maxillary incisor with a zinc 
oxide-eugenol temporary filling. The filling seals the 
access cavity as well as the pulpal ends of possibly 
exposed dentinal tubules in the cervical area of the 
tooth 
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Root Canal Filling Materials 




Root canal filling materials are protected by the Gutta-percha. Gutta-percha is a polymer, 

dentin wall of the root canal and by occlusal or mainly polyisoprene, which is extracted from a 

incisal restorations. However, the materials are tropical tree in Malaysia. At room temperature 

in close contact with soft connective tissue api- it is 60 % crystalline, while the rest of the mass 

cally in the root canal so that tissue-material in- has an amorphous structure. As is normal for 

teractions occur. The root canal filling, therefore, polymers, the material is viscoelastic, which 

is comparable to an implant elsewhere in the means that it has a certain elasticity, but at the 

body. same time it has the characteristics of a viscous 

Ideally, a root canal filling material should fluid. When heated, gutta-percha is softened and 
permanently seal the root canal bacteria-tight. deformed and it becomes liquid when the tem- 
It should not irritate the apical tissues and it perature exceeds 65 °C. The material can also be 
should not dissolve or disintegrate as a result of dissolved in organic solvents such as chloro- 
influences from tissues or tissue fluids. Also, a form, xylene, and eucalyptol. If gutta-percha is 
material used in the root canal should be radio- exposed for some time to light and air, it oxidiz- 
paque so that it can be determined radiograph- es and becomes hard and brittle. It can be re- 
ically whether a tooth has been treated endo- conditioned by means of warm water (40 °C). 
dontically or not. Moreover, radiographic exam- Already at the beginning of the 19th century, 
ination is the only method by which the apical attempts were made to use gutta-percha in den- 
extent of a root canal filling and, very important- tistry, but without success. Not until it was 
ly, its technical quality can be determined. A root learned how to alter its physical characteristics 
canal filling material should also be easily re- by adding zinc oxide and other substances did 
moved from the canal, as retreatment of teeth it receive real attention. It has been in continu- 
often becomes necessary because of treatment ous use as a root canal filling material since the 
failure and because root canals are frequently 1860s and is still by far the most widely used 
used for retention of posts in the restoration of material for obturation of the root canal space, 
endodontically treated teeth. Today, gutta-percha is available in two types of 

A great number of materials and material points, standardized points and accessory points 

modifications have been used as root canal fill- (Fig. 10.2). The composition of the points may 

ing materials, but there is still no material avail- vary from one manufacturer to the other, but 
able today which fulfills all of the above-men- 
tioned criteria. As a consequence, a combination 
of materials is most often used to fill the root ca- 
nal. A tissue-compatible core material which can 
readily be removed from the canal but which 
does not give the necessary seal is used to fill 
the bulk of the root canal space. In addition, 
small quantities of a paste-like material that 
provides a bacteria-tight seal is used to fill minor 
spaces between the core material and the root 
canal wall. Thus, root canal filling materials may 
be divided into two distinct groups: core mate- 
rials and sealing materials, or root canal sealers. 





Core Materials 



There are two types of core materials in com- 
mon use, namely gutta-percha points and me- 
tallic silver. 



Fig. 10.2 Gutta-percha points for root canal filling. 

Standardized points nos. 50 and 80 (left); accessory 
points of the sizes A, B, C, and D (right) 
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generally they contain 60-70% zinc oxide, up to 
17% heavy metal salts, and 1-4% waxes, resins, 
antioxidizing agents, etc. The actual amount of 
gutta-percha in the points, therefore, is only 
about 20% of the total content. 

The standardized gutta-percha points are 
manufactured to correspond in size and shape 
to the standardized root canal instruments (Fig. 
10.3). However, due to the nature of the mate- 
rial, the manufacturing process of standardized 
sizes is difficult, and diameter tolerances of 
± 0.05 mm have to be accepted at the present 
time. This is unfortunate, as two points of alleg- 
edly the same size may vary in diameter as much 
as 0.10 mm, which in points smaller than no. 60 
may represent 3 instrument sizes. Still, even 
with its present weaknesses, the standardiza- 
tion of the gutta-percha points is extremely 
helpful when selecting a master point to fit as 
well as possible in the apical part of the root ca- 
nal. In addition to the standardized master 
points with taper 0.02 mm, standardized points 
with tapers 0.04 mm and 0.06 mm are also 
available. 

The accessory gutta-percha points have a 
pointed shape (Fig. 10.2). They are available in 
assorted sizes and are used to supplement the 
standardized master point to fill the coronal 
flared part of the root canal. 

Gutta-percha points fulfill most of the re- 
quirements of a root canal filling material. An 
important characteristic of the material is its fa- 
vorable biological properties in that it is virtu- 
ally nonirritating to contacting connective tis- 
sue. Moreover, with a sensible technique, it is 
relatively easily inserted into the root canal. It 
does not discolor the tooth, it provides good ra- 
diographic contrast, and it is readily removed 
from the canal. However, gutta-percha does not 
provide a bacteria-tight seal of the root canal At- 
tempts have been made to overcome this weak- 
ness by softening the points in an organic sol- 
vent, usually chloroform. In this manner, the 
material can be molded according to the shape 
of the canal to fill it completely in three dimen- 
sions. However, the material loses its dimen- 
sional stability when exposed to a solvent, and 
when the solvent has evaporated, shrinkage will 
occur. Gutta-percha will shrink if softened by 
heat as well and regardless of method, the more 
it is softened, the larger is its shrinking potential. 
Thus, gutta-percha points should preferably not 




Fig. 10.3 Standardized root canal instrument (K- 
reamer) and standardized gutta-percha point. The 

standardized points correspond in size and shape to the 
standardized instruments 




Fig. 10.4 Radiograph of a maxillary incisor with a 
metallic root canal filling in an ancient man 

(approximately 200 B.C.). Note that a large radiolucent 
periapical lesion has developed 



be softened at all but even if they are, they should 
always be used in combination with a second ma- 
terial a root canal sealer, to obtain the necessary 
bacteria-tight seal of the root canal 

Silver points. Metals have been used as root 
canal filling materials for thousands of years 
(Fig. 10.4). Gold, silver, and lead were especially 
popular due to the relative softness and ductility 
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Fig. 10.5a Radiograph of a 
mandibular molar with silver point 
root canal fillings. The case is 
failing and apical radiolucencies 
and root resorption are evident, b 
Periapical repair after the removal 
of silver points, retreatmentof the 
tooth and obturation of the root 
canals with gutta-percha 



a b 



of these metals. Historically, the largest area of 
use was the filling of extracted teeth which 
were to be transplanted from one individual to 
another. 

Since the 1920s, metallic silver points have 
been used as root canal filling material (Fig. 
10.5). One reason silver was preferred to other 
metals was its alleged oligodynamic effect, i.e., 
the silver points were believed to release silver 
ions with a bactericidal effect due to their affin- 
ity for certain bacterial enzymes. Moreover, sil- 
ver is relatively soft, which permits adaptation 
of a straight point in curved canals. 

Today, we know that silver ions in fact do 
have an antibacterial effect, but also that they 



are not released spontaneously from metallic 
silver. On the contrary, pure metallic silver is 
nontoxic and nonirritating to human cells as 
well as to bacteria. However, when silver has 
been in contact with tissue and tissue fluids for 
some time, as, for example, in the root canal, it 
corrodes (Fig. 10.6). Among the corrosion prod- 
ucts are silver-sulfur compounds and others 
which are extremely toxic and may cause in- 
flammation in adjacent tissues. For this reason 
silver points are used less and less in endodontic 
therapy and should preferably not be used at all. 

Thus, biological considerations have in fact 
made silver unsuitable as a root canal filling ma- 
terial in modern endodontics (Fig. 10.5). With 





Fig. 10.6a Endodontic silver points. A new, unused point (left); a point 
retrieved from the root canal during retreatment of a tooth (rigt). This 
silver point is corroded (black) in its entire length because of contact with 
tissue fluids, b Tattoo in the oral vestibule due to corrosion products from 
silver point root filling of a maxillary right central incisor 
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regard to its physical properties, it should only 
be mentioned briefly that silver points are rela- 
tively easy to insert into the canal, provide an 
excellent radiographic contrast, and obviously 
do not seal the canal on their own and have to 
be used in combination with a root canal sealer. 
In instances of retreatment, which will be a rath- 
er frequent occurrence with this technique, the 
silver points may be easily removed if the cor- 
rect obturation technique has been used. How- 
ever, it may also be extremely difficult or some- 
times impossible to remove them from the root 
canal. 

Root Canal Sealers 

As discussed above, core materials must be used 
together with another material, a sealing mate- 
rial, or root canal sealer. The materials in this 
group are generally unacceptable as root canal 
filling materials without core material, either 
because of shrinkage, difficulties in removing 
the material, or other reasons. The most impor- 
tant requirement of a sealer is that the material 
provide a bacteria-tight seal of the canal that 
sufficiently prevents ingress and growth of bac- 
teria. Moreover, it should not shrink, be resorb- 
able, or dissolve in tissue fluids, and it should be 
tissue-compatible. Several types of root canal 
sealers are available. For practical reasons they 
may be divided into sealers based on zinc oxide 
and eugenol, synthetic resins, gutta-percha and/ 
or natural resin(s), and sealers with an alleged 
therapeutic effect. 

Sealers based on zinc oxide and eugenol. 
The sealers most widely used throughout the 
world are found in this group. Common to all the 
products is the fact that the powder consists to 
a great extent of zinc oxide (about 50%) and the 
liquid of eugenol. A natural resin is usually add- 
ed to the powder in order to give the paste a 
smoother texture. The resin is also said to favor- 
ably influence the long-term stability and seal- 
ing ability of the material. In some of the ce- 
ments, finely distributed silver is added to pro- 
vide radiographic contrast. These materials have 
a dark color, may cause discoloration of the 
teeth, and should not be used in modern endo- 
dontics. Normally barium or bismuth salts, or 
both, are used to give radiographic contrast 
(e.g., Grossman's sealer; Table 10.1). A number 
of potentially more harmful ingredients such as 



Table 10.1 Recipe of commonly used zinc oxide- 
eugenol root canal sealer (Grossman's sealer) 

Powder Liquid 

Zinc oxide 42 parts Eugenol 

Staybelite resin 27 parts 

Bismuth subcarbonate 15 parts 

Barium sulphate 1 5 parts 

Sodium borate 1 part 



paraformaldehyde, mercury compounds, and 
corticosteroids have also been added to zinc ox- 
ide-eugenol sealers, but these have generally 
been deleted from the formulas recommended 
for use today. 

The advantages of sealers with a zinc oxide- 
eugenol base are that they have a certain body 
and therefore readily fill the spaces between the 
gutta-percha points and the root canal wall. 
These sealers provide a bacteria-tight seal and, 
in general, do not shrink. The disadvantages of 
the zinc oxide-eugenol sealers are primarly 
their solubility in tissue fluids and a certain tox- 
icity. The toxicity is caused by free eugenol that 
is always present in freshly mixed materials (Fig. 
10.7). Gradually, the eugenol release diminishes, 
so that in the long term these sealers are well 
tolerated. The free eugenol in the freshly mixed 
materials gives the sealer a temporary antibac- 
terial effect which may conceivably be benefi- 
cial. While eugenol is a well-known allergen, 
there are very few clinical observations or re- 
ports of allergic manifestations in conjunction 
with the use of zinc oxide-eugenol-based root 
canal sealers. On the contrary, a tremendous 
body of clinical experience indicates that from 
a biological point of view, these materials may 
be used safely. 

The solubility of the zinc oxide and eugenol 
sealers when influenced by tissue fluids may be 
beneficial when there is an excess of material 
outside the root canal in the periodontal tissues. 
However, the sealers dissolve within the root ca- 
nal as well (Figs. 10.6, 10.8). Thus, during re- 
treatment of teeth filled with the silver point 
technique, partial or complete disappearance of 
the zinc oxide-eugenol-based sealer is a routine 
finding, as is a stained, corroded silver point, of- 
ten completely loose in the root canal. When 
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Fig. 1 0.7 Tissue reaction to zinc oxide— eugenol root canal sealer, a After 8 days, a moderate inflammatory reaction 
is seen in the tissue adjacent to the material, b After 6 months, the inflammatory reaction has subsided 



gutta-percha is used as the core material, a chem- 
ical bond forms between the zinc oxide in the 
gutta-percha point and the eugenol in the sealer. 
The stability of the zinc oxide-eugenol-based 
sealers is, therefore, considerably better when 
used with gutta-percha than with silver. Still, 
the solubility of the materials is a drawback, and 
they should only be used in as small amounts as 
possible to "glue" the gutta-percha points to the 
root canal wall. 

Sealers based on synthetic resins. Two com- 
mercial products of this type will be mentioned: 
Diaket and AH Plus. Diaket is mixed from a fine 
powder consisting mainly of zinc oxide and bis- 
muth phosphate and a viscous liquid which con- 
tains a polyketone compound and dissolved vi- 
nyl polymers. It sets by a chelation of zinc with 
the polyketone in the liquid. Freshly mixed Di- 
aket is thick, extremely sticky, and therefore 
somewhat difficult to insert into the root canal. 
However, it seals the root canal effectively, does 
not shrink, and is rather insoluble in tissue flu- 
ids. After setting, Diaket is extremely difficult to 
remove from the canal and, if used, should al- 
ways be combined with gutta-percha points. 
However, Diaket has marked toxic and tissue-ir- 



ritating effects and by comparison with other 
available materials, the rationale for using Di- 
aket is questionable. 

AH Plus is a two-component paste-paste root 
canal sealer based on epoxyamine resin chem- 
istry. Equal volumes of the two pastes are mixed 
together when used. This gives a material with 
a creamy, homogenous consistency which is 
easily applied to the root canal. It adapts well to 
the root canal wall, and when used in small 
amounts with gutta-percha provides adequate 
long-term stability and a bacteria-tight seal of 
the canal. 

In contrast to a previous epoxy resin sealer 
(AH26), AH Plus does not release formaldehyde 
during the setting process. Tests in large animals 
have shown that the new material is well toler- 
ated by the periapical tissues. However, since 
AH Plus contains epoxy resins or amines, it may 
cause sensitisation in susceptible persons. The 
material should, therefore, not be used in pa- 
tients allergic to these components. Still this is 
a question of contact allergy and as long as the 
material is used in the root canal only, adverse 
reactions will be extremely rare. 
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Sealers based on gutta-percha or natural 
resins, or both. Pure gutta-percha dissolved in 
chloroform is a smooth, sticky paste which is re- 
ferred to as chloropercha. Chloropercha has been 
used as a root canal sealer and commercial prod- 
ucts are still available. However, when the sol- 
vent of the chloropercha has evaporated, the end 
product will be gutta-percha, which has no seal- 
ing properties and will shrink greatly after hav- 
ing been dissolved in the organic solvent. Chlo- 
ropercha is, therefore, not suitable as a root ca- 
nal sealer. 

Kloroperka N-0 is a root canal sealer which at- 
tempts to resolve the disadvantages of regular 
chloropercha. In this product, the powder con- 
sists of 50% zinc oxide, 20% gutta-percha, and 
30% natural resins and, when mixed with chlo- 
roform, makes a material with many good char- 
acteristics. The addition of the natural resins 
makes Kloroperka N-0 very sticky, also after the 
chloroform has evaporated. It is also relatively 
tissue compatible. However, Kloroperka N-0 
shrinks markedly after setting, which means 
that the material can only be used in extremely 
small amounts as a glue between the gutta- 
percha points and the root canal wall. Long-term 
follow-up studies have shown favorable results 
of endodontic treatment with Kloroperka N-0 
used as the sealer. However, in a recent prospec- 
tive comparative clinical study, it was found to 
be inferior to zinc oxide-eugenol-based and 
epoxy resin-based sealers, and its usefulness in 
modern endodontics may be questionable. 

A sealer which enjoys a certain popularity is 
a 15% solution of colophony, a natural resin, in 
chloroform. This solution is commonly referred 
to as resin chloroform. It is sticky and provides a 
bacteria-tight seal if the root canal is completely 
and three-dimensionally filled with gutta- 
percha. This is obtained by softening gutta- 
percha points in the resin chloroform with the 
inherent possibilities of subsequent shrinkage of 
the root canal filling. Long-term follow-up stud- 
ies have shown favorable results of endodontic 
treatment with the resin chloroform method. 
However, it is a very technique-sensitive meth- 
od and its usefulness as a routine method in 
modern endodontics is questionable. 




Fig. 10.8 Zinc oxide and eugenol-based root canal 
sealer in teflon cup implanted in the mandible of a dog. 

After 30 days it is evident that the sealer has caused 
an inflammatory reaction in the adjacent tissue and 
that the material in the cup is partly dissolved and 
washed out 



Materials with Assumed Therapeutic Effect 

Over the years, attempts have been made to sub- 
stitute meticulous chemomechanical instru- 
mentation and disinfection of the root canal by 
obturation of the canal with materials with a 
long-lasting, preferably permanent antiseptic 
effect. Pastes containing formaldehyde or iodo- 
form have been widely used. Some products also 
contain heavy metals such as mercury com- 
pounds for disinfection and lead oxide for radi- 
ographic contrast. Also, the addition of cortico- 
steroids to root canal filling materials has been 
popular, probably with a view to controlling 
postoperative symptoms. 

The physical properties of these materials vary, 
but common to all of them is that, from a biolog- 
ical point of view, they are unacceptable as root 
canal filling materials. Rather than having a ther- 
apeutic effect, the results of experimental stud- 
ies indicate that the materials are highly toxic 
and tissue-irritating and may maintain a chronic 
inflammation and cause tissue necrosis and the 
formation of bone sequestra (Fig. 10.9). 
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Fig. 10.9 Tissue reaction to paraform- 
aldehyde-containing root canal cement. 

After implantation in bone, the material has 
caused sequestrum formation and necrosis 



Formaldehyde-containing materials also have 
a pronounced and irreversible neurotoxic effect, 
and clinical reports of paresthesia associated 
with the use of such materials in endodontic 
treatment are numerous. Moreover, most active 
ingredients in these materials are potent aller- 
gens. Admittedly, at present there may be no 
ideal root canal filling material. However, there 
is no reason to make the situation worse by add- 
ing unfavorable ingredients to already less- 
than-perfect materials. 

Root canal sealers containing calcium hydrox- 
ide are available. These materials have been 
made in an attempt to benefit from the desirable 
biological effects of calcium hydroxide, especial- 
ly its antibacterial effect and its ability to induce 
hard-tissue formation. However, calcium hy- 
droxide works by the release of hydroxyl and 
calcium ions, and if it is going to have a thera- 
peutic effect, it cannot possibly be a stable com- 
ponent of a root canal sealer. Still, two commer- 
cial products will be mentioned, CRCS and Seal- 
apex. 

CRCS is basically a zinc oxide-eugenol-based 
sealer in which the powder contains 16% calci- 
um hydroxide and the liquid 20% eucalyptol. In 
animal experiments this sealer has proved to be 
slightly more tissue irritating than a convention- 
al zinc oxide-eugenol sealer, but apparently 
with comparable stability and sealing ability. 
Thus, CRCS may be suitable as a root canal sealer. 
However, it is unlikely that the material has a 
therapeutic effect, as the pH of freshly mixed 
CRCS is less than 9. A pH of 11 and above has 
been associated with the desirable effects of cal- 
cium hydroxide. 



Sealapex is a polymeric material which alleg- 
edly contains and/or releases calcium hydrox- 
ide. The formula for Sealapex has changed since 
its introduction, but characteristic for the mate- 
rial is that it induces a severe macrophage reac- 
tion in adjacent tissues. Thus, in addition to be- 
ing dissolved by tissue fluids like most sealers, 
it is also phagocytized and transported away by 
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Fig. 10.10 Tissue reaction to calcium hydroxide- 
containing root canal sealer (Sealapex). The material 
has caused a severe macrophage reaction. It is 
transported away and is seen in cells and tissues at a 
distance from the site of implantation 



Root Canal Filling Materials 1 75 




Fig. 10.11 Radiograph of a maxillary molar with a 
retrograde amalgam filling in the mesiobuccal root and 
periapical healing 



cells (Fig. 10.10). However, in a 1-year in vivo 
leakage study, when the material was used in 
small quantities together with gutta-percha 
points, it showed a sealing ability comparable 
with other commonly used sealers. Still, a 
number of cases have been observed where the 
Sealapex material has completely disappeared 
from the root canal, leaving the nonsealing 
gutta-percha in the canal. No evidence is avail- 
able as to a possible therapeutic effect of the ma- 
terial. 



Retrograde Filling Materials 

A retrograde root filling should seal the root ca- 
nal bacteria-tight. In principle, the root canal 
may be filled from the retrograde position with 
the same materials that are used for orthograde 
canal obturation. However, in the clinical situa- 
tion this may be difficult or even impossible be- 
cause of difficult access to the root canal. The 
practical approach, therefore, will often be to 
prepare and fill a retrograde cavity in the end of 
the root to improve upon the seal of an existing 
root canal filling or to provide a bacteria-tight 
seal on its own. 

A retrograde filling is an implant and should 
consist of a material or materials that tolerate 
the intimate contact with tissue and tissue fluids 
for long periods of time without being washed 
out, dissolved, or resorbed. Because of this, silver 
amalgam has been the material of choice for ret- 
rograde fillings for many years (Fig. 10.11). 
Amalgam restorations show initial marginal 
leakage and do not provide a seal of a cavity until 
corrosion products have formed in the gap be- 
tween the filling and the cavity wall. This initial 
marginal leakage may be effectively prevented 
by the application of a copal varnish to the cavity 
prior to the insertion of the amalgam (Fig. 
10.12). A cavity varnish, therefore, should be rou- 
tinely used before the placement of a retrograde 
amalgam filling. However, mainly because of its 
mercury content, amalgam more and more is re- 
garded as being an unacceptable material in 
spite of its rather favorable physical properties. 
Thus, its use as a retrograde filling material 
when it is implanted into the body simply is pro- 
hibited in some countries. 




Fig. 1 0. 1 2 a Root with a retro- 
grade cavity filled with amal- 
gam. Marginal leakage is evi- 
denced by the penetration of a 
radioactive isotope between 
the filling and the cavity walls, 
b Root with a retrograde cavity 
filled with amalgam after the 
application of a copal varnish 
to the cavity. The layer of 
varnish has effectively 
prevented marginal leakage 
of the radioactive isotope 



a b 
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Fig. 1 0.1 3 a Mandibular incicors with 
asymptomatic apical periodontitis. 

Staphylococcus aureus is part of the 
infecting flora and there is no response 
to long-term calcium hydroxide 
combined with systemic penicillin plus 
metronidazole treatment, b The teeth 
are root filled, c Apicoectomy with 
retrograde fillings (IRM-cement) is 
performed, d Complete periapical repair 
at the 6-month control 



c d 



Other materials that are used for retrograde 
fillings are the reinforced zinc oxide-eugenol ce- 
ments, Super EBA and IRM (Fig. 10.13). Super EBA 
consists of 60% zinc oxide, 30% alumina, and 
10% natural resin which is mixed with a liquid 
consisting of 37% eugenol and 63% or- 
thoethoxybenzoic acid. IRM consists of 80% zinc 
oxide and 20% methyl methacrylate and is 
mixed with eugenol. These cements give a bac- 
teria-tight seal of retrograde cavities. However, 
it was feared that they would deteriorate over 
time when left in contact with tissue and tissue 



fluids. This fear may seem to be mostly unfound- 
ed, in that long-term follow-up studies have 
shown the materials to hold up well for many 
years. Cavit (see p. 167) gives a reliable retro- 
grade seal as well, and again long-term follow- 
up studies suggest that this material also holds 
up over time when in contact with tissue. Min- 
eral trioxide aggregate (MTA) is a recent material 
proposed for retrograde root filling. This mate- 
rial has been exposed to a variety of tests and 
seems promising, but no reports of clinical stud- 
ies are as yet available. 
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7 7 Endodontic Techniques 



Technically, endodontic treatment of teeth com- 
prises three major phases that may be of equal 
importance for the outcome of the treatment. 
The three phases are: 

— Preparation for treatment, 

— Root canal instrumentation, 

— Root canal obturation. 

In the last decade it has become common prac- 
tise to use an operating microscope during the 



various phases of endodontic treatment. (Fig. 
11.1). The microscope offers magnification, but 
almost as important, it gives excellent light di- 
rectly through the lenses into the access cavity. 
This gives the operator tremendous advantages, 
especially in difficult cases, and in straight root 
canals it is possible to observe the canal all the 
way to the apical foramen. 
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Fig. 11.1c Four canals instrumented, d Pulp chamber 
floor of tooth with apparent irregular root canal 
anatomy, e During instrumentation it became evident 
thatthe tooth had a C-shaped canal that was effectively 
prepared with relative ease using the microscope 



Preparation for Treatment 



Preparation for treatment entails the establish- 
ment of the root canal to be treated in an aseptic 
field of operation. It consists of the preparation 
of an adequate access cavity, the secure place- 
ment of a rubber dam, and disinfection of the 
rubber dam, the tooth, and the pulp chamber. 

Access Cavity 

The objective of the access cavity is to provide as 
unobstructed an access to the root canal(s) of the 



tooth as possible. When mishaps occur during 
the instrumentation and obturation phases of 
the treatment, they can most frequently be at- 
tributed to an inadequately or incorrectly pre- 
pared access cavity. The most common mistake 
is an access opening that has been made too 
small. As a result, canals are missed or the ma- 
nipulation of the root canal instruments is un- 
necessarily hindered by the cavity walls. Also, 
tissue may be left behind in the coronal pulp, es- 
pecially in the pulp horns, leading to discolora- 
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tion of the tooth. On the other hand, tooth struc- 
ture should not be removed indiscriminately 
since that would lead to an unnecessary weak- 
ening of the tooth and would complicate the re- 
storative procedures. The access cavity should ex- 
pose the entire pulp chamber, including the pulp 
horns. In addition, cusps may have to be reduced 
to provide proper access to certain canals or to 
prevent uncontrolled fractures if they are weak. 

Before the preparation of the access cavity be- 
gins, a good radiograph of the crown of the tooth, 
taken with a long cone-paralleling technique, is 
studied (Fig. 11.2). Especially the distance from 
an occlusal or incisal point of reference to the 
roof of the pulp chamber is noted. This distance 
may be marked on the bur to be used for the 
penetration of the crown to the pulp. Carious 
dentin is always removed, and fillings and res- 
torations which might prevent a direct view to 
the root canals are removed as well. Also, all un- 
dermined cusps are reduced at this time in order 
to prevent crown-root fractures which might 
jeopardize the treatment of the tooth. 

For the actual penetration to the pulp cham- 
ber, a long-shank round carbide bur is used in a 
low-torque ultraspeed handpiece. A long-shank 
bur is not necessarily used because of the dis- 
tance to be penetrated, but more because it al- 
lows for better visibility and a better possibility 
of angling the bur correctly in relation to the 
long axis of the tooth. Porcelain crowns are pen- 
etrated by standard-length, round, diamond- 
coated burs and the access cavity is then fin- 




Fig. 11.2 Radiograph of mandibular teeth. The dis- 
tance between the occlusal surface and the roof of the 
pulp chamber should be determined prior to the 
preparation of an endodontic access cavity 



ished with the long-shank carbide bur. When 
the penetration to the pulp has been achieved, 
the roof of the pulp chamber is removed by pull- 
ing strokes with the bur from the chamber in an 
occlusal or incisal direction (Fig. 11.3). In this 
way the entire pulp chamber is exposed without 
overhangs of occlusal tooth substance and with- 
out danger of perforations laterally or in the fur- 
cation region. The coronal pulp tissue, vital or 
necrotic, is then removed. A round bur no. 2 may 
be used with advantage to ensure complete re- 
moval of tissue in the pulp horn areas of incisor 
teeth. 

A double-ended endodontic explorer (DG-16) 
which offers two angles of probing is then used 
to locate the orifices of the root canals on the 
floor of the pulp chamber. The use of the explor- 
er will also indicate whether the access cavity is 
adequate or whether, as is often the case, a cav- 
ity wall has to be flared more or a cusp be cut 
to improve the access to the canals. Often it will 
be evident clinically and radiographically that a 
root canal is calcified in the orifice area. The mi- 
croscope is then extremely useful. Sometimes a 
rigid explorer may be used to penetrate the cal- 
cified material. Other times a long-shank bur is 
used to remove hard tissue to expose the canal. 
Since the exact location of the root canal is not 
always known, the bur is used with careful shav- 




Fig. 1 1 .3 Diagram illustrating penetration of the pulp 
chamber with a bur. The roof of the pulp chamber is 
then carefully removed with outward pulling strokes of 
the bur 
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ing motions in the orifice area. The explorer is 
used at frequent intervals in an effort to break 
through the calcified tissue. Exact placement of 
a 37 % phosphoric acid gel for 60 seconds on the 
calcified orifice may be helpful as well. The ac- 
cess cavity preparation is complete when the root 
canals have been located and are accessible for 
treatment 

The access cavity is prepared prior to the ap- 
plication of a rubber dam to ensure maximal vis- 
ibility of the teeth and the relationship between 
their crowns and roots. This will prevent root 
perforations and is especially important during 
the location of the root canal orifices. However, 
all subsequent treatment is carried out aseptically 
with the use of a rubber dam. 

Rubber Dam 

A rubber dam is placed on a tooth to be treated 
endodontically mainly for three reasons: 

1 ) To obtain a field of operation that can be dis- 
infected, 

2) To protect the patient from accidentally as- 
pirating or swallowing a root canal instru- 
ment, and 

3) To protect the patient from the effect of ir- 
rigating solutions and other drugs during the 
treatment. 

In addition, there are other advantages with the 
use of a rubber dam. It makes the treatment fast- 
er and, in many ways, less difficult in that it 
physically eliminates any interference from the 
oral environment. 

Normally, only the tooth to be treated is ex- 
posed through a hole in the rubber dam (Fig. 
11.4). A medium-weight dam will give a good 
seal around the tooth, usually without the use 
of a dental floss ligature. A wide variety of 
clamps are available to hold the rubber dam in 
place (Fig. 11.5), and the use of clamps with 
wings allows a rapid application of the rubber 
dam. A rubber dam frame of a radiolucent ma- 
terial that can be left in place during the taking 
of radiographs should be used (Fig. 11.4). The 
frame should also make it possible to cover the 
nose of the patient to prevent contamination of 
the field of operation by nasal microorganisms. 

If the tooth to be treated is severely broken 
down, it may be practical to restore it tempo- 
rarily before the root canal treatment begins. 
This is also done to strengthen the tooth, but 



mainly to facilitate the placement of a well-seal- 
ing rubber dam. A quick and adequate method, 
if enough retention is available, is to restore the 
tooth with a resin after acid-etching the remain- 
ing tooth structure (Fig. 11.6). In such instances 




Fig. 11.4 Rubber dam applied to a maxillary central 
incisor for endodontic treatment. Only the tooth to be 
treated is exposed and the rubber dam is held in place 
by a clamp placed on this tooth and the use of a rubber 
dam frame. Note that the patients's nose is covered by 
the rubber dam. This is imperative in order to maintain 
a bacteria-free field of operation. (The frame is outside 
the rubber dam for demonstration purposes only.) 




Fig. 11.5 Example of rubber dam clamps. A wide 
variety of clamps are available for most clinical 
situations 
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Fig. 1 1 .6 a Deep mesial cavity 
making it difficult to obtain effective 
isolation of the tooth with a rubber 
dam. b Cavity is acid-etched, and a 
mesial wall is fabricated by means of 
light-cured resin. A dry field of 
operation is now readily obtained 



a b 



Fig. 11 .7 Endodontic treatment of a severely broken 
down maxillary lateral incisor. The rubber dam is 
attached to neighboring teeth and although not ideal, 
protects the patient and helps establish a dry, clean 
field of operation. However, great care must be taken 
during the use of root canal irrigants and other 
medicaments in such situations 



the pulp chamber may be filled with tightly 
packed cotton pellets to prevent the resin from 
blocking the root canal orifices and to facilitate 
an easy recapitulation of the access cavity. In 
severely broken-down molar teeth, an ortho- 
dontic band may be useful to ensure asepsis. The 
band must fit snugly at the cemental-enamel 
junction and should be about 2 mm high to al- 
low an adequate hold for the rubber dam clamp 
and easy access to the root canals. The floor of 
the chamber is again packed with hard cotton 
pellets and the band is filled with zinc oxiphos- 
phate cement and cemented to the tooth. When 
the cement has set, the cotton pellets are re- 
moved, the access cavity is recapitulated, and 
the preparation is redefined as needed. If the 
tooth is fractured at the gingiva, a slight gingi- 



vectomy, preferably using electrosurgical in- 
struments to prevent bleeding, may make it pos- 
sible to apply an adequate rubber dam. In such 
instances it is also possible to apply the rubber 
dam to teeth adjacent to the one to be treated 
(Fig. 11.7). 

Special considerations in the preparation of 
access cavities in the various groups of teeth are 
discussed in Chapter 12. 

When the rubber dam has been applied and 
the tooth to be treated is effectively sealed from 
the oral environment, an aseptic field of opera- 
tion is established. The access cavity, the tooth, 
and the rubber dam are disinfected by effective 
surface-active agents, usually chlorhexidine or 
iodine preparations combined with hydrogen 
peroxide or ethanol. 



Root Canal Instrumentation 




At this time, the instruments used for the prep- sterile instruments to be used for the root canal 
aration of the access cavity and the application instrumentation is made available (Fig. 11.8). 
of the rubber dam are removed, and a tray with 
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Fig. 1 1 .8 a Practical endodontic tray. It contains hand 
instruments needed during the aseptic phase of the 
treatment as well as a holder with root canal 
instruments. The hand instruments: mirror, explorer, 
pair of pliers, endodontic explorer (DG1 6), periodontal 
probe, root canal spreader (D11), spoon excavator 
(31 L), plastic instrument (Glick no. 1), curved, heavy 




b 



anatomical pliers. The root canal instruments: K-files 
(size 15-80), Hedstrom files (size 15, 20, 30, 40, and 
50), finger spreaders (size B and D). bThe lid of the tray 
is used as a work surface. The tray itself should remain 
sterile throughout the treatment. The anatomical 
pliers are used to move instruments from the tray to 
the lid 



Length determination. Regardless of tech- 
nique used, step-back or crown down, hand in- 
struments or motorized instruments, before the 
actual instrumentation begins the length of the 
root canal is determined. A small K-file, most of- 
ten no. 15, is introduced into the canal to a level 
near the apex of the root and a radiograph is tak- 
en (Fig. 1 1 .9). The apical level of instrumentation 
is determined based on the location of the tip of 
the file in relation to the apex of the root as seen 
in the radiograph. The length of instrumentation 
from an occlusal or incisal point of reference, 
i. e., the working length, is then calculated. Please 
note that it is the apex of the root that most often 
serves as the radiographic landmark and not the 
apical foramen or apical constriction. The reason 
for this is that the apex of the root is almost al- 
ways distinguishable in a radiograph, whereas 
the foramen rarely is. Obviously, in the few in- 
stances when the apical foramen is actually seen 
radiographically, it should be used to determine 
the working length. 

Electronic devices are available to determine 
the location of the apical foramen of teeth. The 
use of these so-called electronic apex locators is 
based on the hypothesis that the electrical re- 
sistance between the periodontal ligament and 
the oral mucosa is virtually constant. The instru- 
ment is calibrated by measuring the resistance 



between the gingival crevice and the lip. An en- 
dodontic instrument attached to the crevice 
electrode is then inserted into the root canal un- 
til the same electrical resistance is registered. It 
is then assumed that the tip of the instrument 
has reached the periodontal ligament at the api- 
cal foramen. 

With clinical practice the electronic apex lo- 
cator may become a valuable aid in routine en- 
dodontics, but even more so in special clinical 
situations when the radiographic image of the 
root apices is unclear, when there is suspicion 
of a root perforation or root fracture, when ra- 
diographs are contraindicated, etc. In addition, 
the instrument offers an excellent opportunity 
for quick and, if needed, frequent checks on 
whether the correct working length is actually 
maintained during the instrumentation phase of 
the treatment. The electronic apex locator has a 
definite place in modern endodontic therapy. 

Extirpation of the pulp. When the working 
length has been established, the pulp of vital 
teeth is removed. A K-type instrument with as 
large a diameter as possible is introduced into 
the canal to the predetermined apical level of in- 
strumentation. The instrument is then rotated as 
much as possible in contact with the root canal 
wall in an effort to sever the pulp at this level. If 
this is successful, the pulp may come out in one 
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Fig. 11.9a-e Radiograph to determine the tooth 
length of various types of teeth. In multirooted teeth 
and especially in roots with more than one canal it is 
advantageous to use different types of root canal 
instruments to readily determine which canal is which. 



In these radiographs, Hedstrom files are consistently 
used in palatal and lingual canals and K-files in buccal 
canals. Roots with more than one canal must be 
exposed at an angle (usually about 1 5°) to separate the 
canals in the radiographs 



piece and a pulp stump with a clean-cut wound 
is left behind in the root canal (Fig. 11.10). If it 
is not successful, the pulp tissue will instead be 
removed in bits and pieces during the subse- 
quent instrumentation of the canal. 

In nonvital teeth with ischemic necrosis, the 
pulp may be extirpated using the same method. 
However, in teeth with liquefaction necrosis of 
the pulp, there is usually so little tissue left in 
the root canal that an extirpation as such is not 
feasible. Rather, the tissue remnants will be 
removed during chemomechanical instrumen- 
tation. 

Chemomechanical instrumentation. The 

principles and goals of the instrumentation phase 
of endodontic treatment are the same regardless 



of instruments or technique used (see Chapters 5 
and 6). However, the actual preparation of the 
canal may vary, depending on, among other 
things, the preferred obturation technique. 

Step-back Preparation 

With the step-back technique, the diameter of 
the root canal at the apical level of instrumen- 
tation is kept as small as possible to resist ex- 
trusion of filling material beyond the canal. In 
addition, the apical part of the canal is given a 
moderately tapered form in an attempt to retain 
the obturating materials within the canal. Fur- 
ther coronally, the canal is flared as much as 
necessary according to the anatomy of the canal 
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and to facilitate the obturation of the canal. The 
flare of the canal is especially pronounced with 
the use of thermoplasticized gutta-percha obtu- 
ration techniques which require the insertion of 
rather large and rigid instruments to the apical 
region of the canal (see p. 192). 

The degree of instrumentation most apically in 
the root canal is determined by the size of the 
first K-file that binds in the canal at the apical 
level of instrumentation. The canal is then en- 
larged an additional two instrument sizes at this 
level. This means that if a no. 15 file binds, the 
canal is enlarged to a size 25. The last file used 
most apically, in this instance no. 25, is called 
the master apical file. The apical taper is then 
accomplished by a step-back use of instruments 
of increasing sizes (Fig. 11.11). Between each 
change of file, the full length of the canal is reca- 
pitulated with the master apical file. Further 
coronally, the canal is then flared with hand or 
engine-driven instruments to give it the desired 
continuous tapered shape. 

The step-back technique can be used in all 
teeth. However, if the root canal is wide apically 
so that little natural resistance is offered, a more 
definite shelf may have to be prepared in the ca- 
nal wall to help prevent overfilling during the 
obturation phase. Also, when the step-back 
technique is used, it must be remembered that 
the root canal in many teeth is considerably wider 
in a buccolingual than in a mesiodistal direction. 
The first instrument that binds will do so in the 
narrowest part of the canal, and an enlargement 
of two to three instrument sizes, which most of- 
ten will mean 0.10-0.15 mm, may not be 
enough to reach the walls at the widest part of 
the canal. Thus, tissue commonly is left behind 
apically with the step-back technique, especially 
on the lingual aspect of the root canal wall (Fig. 
11.12). 

Apical Box Preparation 

An important result of morphometric studies of 
the root canals of human teeth is that apically 
the canals may be wider than assumed and 
should be enlarged more than has commonly 
been done— in some groups of teeth, like the in- 
cisors, considerably more (see Chapter 12). The 
apical box preparation technique was developed 
with this information in mind. With this tech- 
nique, one attempts to give the apical 2-5 mm 




Fig. 1 1.10 Pulpectomy. The pulp has been severed in 
the apical area of the root canal by means of a reamer 
and is removed in one piece 



of the root canal a cylindrical shape rather than 
the tapered shape of the step-back technique 
(Fig. 11.13). In this way it is hoped one can ob- 
tain clean walls consistently in the important 
apical part of the root canal. K-type instruments 
are used with filing and rotary cutting actions, 




-0 



Fig. 11.11 Diagram illustrating the step-back pre- 
paration of a root canal. A moderately tapered form of 
the apical end of the root canal is obtained by a step- 
back use of instruments of increasing size. No attempt 
is made to obtain a circular shape of the canal, which 
usually remains wider in a buccolingual than in a 
mesiodistal direction 
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Fig. 11.12 Buccolingual longitudinal section of the 
apical area of the root canal of a pulpectomized tooth 
instrumented with the step-back technique. The pulp 
has been nicely severed, but since the root canal is 
wider buccolingually than mesiodistally, the buccal and 
lingual walls are not well instrumented and pulp tissue 
is left behind on the lingual wall (hematoxylin-eosin) 



stainless steel files sizes 08-20, and nickel-tita- 
nium files sizes 25 and up. Further coronally, the 
canal is flared to a continuous taper with Hed- 
strom files or engine-driven instruments as with 
the step-back technique. 

The apical part of the root canal is opened up 
with a K-file used with filing motions until the 
file moves freely in the canal. The file is then ro- 
tated with its tip at the exact working length to 
begin making a shelf in the root canal wall. The 
next size file is introduced into the canal with 
twiddling motions until the tip is again at the ex- 
act apical level of instrumentation. The instru- 
ment is then carefully rotated or, if necessary, 
used with filing strokes first until it can safely 
be rotated at the desired apical level. The prep- 
aration of the apical part of the canal continues 
systematically with filing and reaming actions 
until the canal is enlarged two to three instru- 
ment sizes. The canal is then flared, beginning 
with a Hedstrom or engine-driven file one size 
smaller than the last instrument used apically. 
The patency of the apical part of the canal is 
checked at regular intervals during the flaring of 
the coronal part of the canal. 

When the flare is considered adequate, the 
preparation of the apical part of the canal is 
completed with K-type hand or engine-driven 




Fig. 11.13 a Diagram illustrating differences in the 
shape of an apical root canal after step-back and apical 
box preparation. With the apical box preparation 
technique, an attempt is made to give the apical root 
canal a circular shape, b Radiographs showing (left) a 
mandibular premolar with step-back preparation and 



(right) the contralateral tooth with apical box 
preparation of the root (final reamer no. 70). Note that 
the two methods differ only in the preparation of the 
apical part of the canal. The enlargement and flare of 
the canals further coronally are similar 
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instruments, again mainly with rotary cutting 
actions. In this way, a shelf is prepared in the root 
canal wall at the apical-most level of instrumen- 
tation (Fig. 11.13). However, due to the noncut- 
ting tip of modern root canal instruments, the 
apical shelf will not be abrupt, but rather have 
a sloping form (Fig. 6.11). Still, the shelf consti- 
tutes an effective apical stop against which a mas- 
ter gutta-percha point of the same size as the final 
apical instrument can be seated. Also, since the fi- 
nal apical instrumentation is carried out with ro- 
tary cutting actions, the apical part of the root ca- 
nal will, if at all possible, have taken on the shape 
of a cylindrical box. 

The degree of apical enlargement is deter- 
mined by the size, shape, and form of the root 
of the tooth as seen in preoperative radio- 
graphs. However, since root canals often are 
widest in the buccolingual direction, which nor- 
mally cannot be evaluated in radiographs, infor- 
mation on the size and shape of the root canals 
in the various groups of teeth is utilized as well 
(see Chapter 12). 

The preparation of a cylindrical apical box with 
a sufficient diameter can be accomplished with 
great regularity in all groups of teeth (see Chapter 
12). Theoretically, the technique presents the 
greatest problems in teeth with thin oval roots 
because in such roots the canal is usually ribbon- 
shaped. However, studies have shown that rib- 
bon-shaped canals become more circular near 
the apex of the root, so that at least the apical 
1-2 mm of the canal may usually be given a cy- 
lindrical shape, even in such teeth. Traditionally, 
it might also have been difficult to attain a cy- 
lindrical box apically in teeth with severely 
curved roots. However, with the availability of 
the flexible nickel-titanium instruments, this is 
not a serious problem at present. 

Crown Down Preparation 

With the crown down preparation technique the 
root canal is instrumented in the direction from 
the canal orifice to the apical foramen with pro- 
gressively smaller instruments. In other words, 
this technique works contrary to traditional 
techniques in which the instrumentation in 
principle starts apically and is carried out with 
progressively larger instruments in a coronal di- 
rection. The crown down technique has never 
had a large following, among other things be- 



cause the root canal often became blocked by 
dentin chips and other instrumentation debris 
as the instrumentation proceeded in an apical 
direction. However, with the availability of 
engine-driven nickel-titanium instruments this 
suddenly changed and when these instruments 
are used, crown down preparation of the root 
canal is nearly a must. 

Root canal instrumentation with engine- 
driven nickel-titanium instruments. The en- 
gine-driven nickel-titanium instruments are in 
reality drills that remove root dentin on their 
way into the root canal and not as they are re- 
moved from the canal. This is the main reason 
why it is practical to begin the instrumentation 
at the canal orifice and proceed in an apical di- 
rection when using these instruments. 

To minimize the working torque of the con- 
tinuous rotating instruments, they should be de- 
signed so that they do not prepare the root canal 
in its entire length, but only a fourth or a third 
of the canal at a time. (Fig. 11.14). This is 
achieved by using a sequence of instruments 
with varying tapers and sizes, (see p. 162). Thus, 
the first instrument to be used may be 19 mm 
long, size 40, with an 0.10 mm taper. This in- 
strument opens up the orifice of the canal, re- 
moves dentin overhangs and flares the coronal 
2-3 mm of the canal. The second instrument 
may be 19 mm as well, size 35, and with a 
0.08 mm taper. This instrument will penetrate 
an additional 2-4 mm into the canal. The third 
instrument should be 25 mm long, size 30, with 
a 0.06 taper. Depending on the root canal anat- 
omy, this instrument may reach the apical level 
of instrumentation, or it may stop 1-3 mm from 
the final level. A fourth instrument 25 mm long, 
size 25, with a 0.04 or 0.02 mm taper is then 
used. This instrument will reach the working 
length. A canal with a continuous taper has now 
been obtained. An apical box may then be pre- 
pared using instruments with taper 0.02 mm 
and sizes 30 and up as needed 

The engine-driven rotary nickel-titanium 
instruments are used with a light hand and 
according to the woodpecker method, i. e., with 
a pecking motion removing a little at a time. 
Each instrument should only be used as long as 
it moves forward. When the resistance is such 
that the instrument no longer advances, it 
should immediately be removed from the canal 
and the instrumentation should continue with 
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Fig. 11.14 Diagram indicating crown down pre- 
paration of the root canal as performed with engine- 
driven nickel-titanium instruments. In order to reduce 
working torque and instrument breakage, only part of 
the canal is instrumented at a time, beginning at the 
canal orifice and proceeding in an apical direction 



the next file in the sequence. In other words, 
these instruments must not be used stationary in 
the canal and they must not be forced in an apical 
direction. A saying goes that "each instrument 
should only take what the canal will give." When 
used this way, the root canal is instrumented 
quickly and with a high degree of safety using 
engine-driven instruments. However, cyclic fa- 
tigue is a factor and the instruments wear with 
use. Thus, after five to seven cases an instrument 
should be discarded even though it might still 
look good. 

Instrumentation of Curved Root Canals 

The guidelines for root canal instrumentation as 
outlined are valid for curved canals as well. 
However, there are certain special rules to fol- 
low in order to avoid operational mishaps due 
to added technical difficulties in such canals. 

A root canal may be curved both coronally 
(cervically) and apically. Regardless of instru- 
ments or technique used, it is then important to 




Fig. 11.15 Diagram showing the elimination of the 
cervical curve of a root canal by removing the overlying 
coronal dentin. This greatly facilitates the in- 
strumentation around an apical curve of the canal 



eliminate one of the curves, i. e., the curve in the 
cervical area, before the actual instrumentation 
of the canal begins (Fig. 11.15). This greatly re- 
duces the stress on the root canal instruments 
and improves the safety of curved canal instru- 
mentation. With straight line access and the use 
of flexible nickel-titanium instruments, the apical 
curve can be instrumented effectively and safe- 
ly. With rounded, noncutting tips the nickel-ti- 
tanium instruments follow the original canal 
space and work centered in the canal even when 
the canal is curved. The instruments are used 
with filing and combined filing-reaming mo- 
tions with the understanding that working 
around a curve is a severe strain on the instru- 
ments. The instrumentation should therefore be 
carried out with special care and gentleness and 
even severely curved roots may then be success- 
fully prepared. 

The engine-driven rotary nickel-titanium in- 
struments work well in curved canals and may 
be used using the technique described above in 
these canals too (Fig. 11.16). Only be aware of 
the fact that the working torque when using 
these instruments increases with increasing ta- 
per of the instruments. Thus, instruments with 
taper 0.02 mm may be used with advantage in 
severe cases. An instrument used in a severely 
curved part of the canal should be discarded and 
not used again. 

Stainless steel instruments are rigid and 
above certain sizes will not follow the original 
root canal space when used in curved canals. 
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Fig 11.16 a Radiograph of maxillary molar with 
severely curved buccal roots. Since the curves are not 
sharp (large radius), the root canals can be 
instrumented with the flexible engine-driven nickel- 
titanium instruments in a routine fashion, b Mandibular 
molar with severely curved mesial root. Although the 
curve is very sharp (small radius), the root canal was 
instrumented with engine-driven nickel-titanium 



instruments (apical box size 35). However, in this type 
of canal, great care must be taken to reduce the 
working torque and to work centered in the canal 
(0.02 mm-tapered instruments; reduced speed; 
frequent change of instruments), c Radiograph of a 
mandibular premolar with a curved root. The root canal 
has been prepared with an apical box and final steel 
reamer no. 70 



Steel instruments, therefore, have to be pre- 
curved so that they match the curve of the canal. 
With careful use of precurved steel instruments, 
curved canals may be successfully instrumented 
(Fig. 11.16). However, mishaps are not uncom- 
mon. Because of the rigidness of the instru- 
ments, the inner side of the curve may be 
straightened until the root is perforated or 
stripped. The strip perforation in theory may be 
avoided by so-called outer curve filing, i.e., the 
precurved files are manipulated by bending the 
handle so that their effect is mainly on the outer 
curve of the canal. This is especially important 
in mesial roots of lower molars where the dentin 



toward the furcation and interradicular area 
that forms the inner curve of the canal may be 
as thin as 0.2 mm. Also, if the instruments are 
not meticulously precurved to match the curva- 
ture of the canal, the apical part of the canal may 
be straightened and transported away from the 
original canal space, or the root may be perfo- 
rated in this area (Figs. 13.5, 13.6, 13.7). Prefer- 
ably steel instruments should not be used in 
curved root canals. 

Numerous techniques have been developed 
to obturate the root canal bacteria-tight. The 
most commonly used techniques are discussed 
below. 



Root Canal Obturation with Silver Points 



Silver points are used in combination with a 
sealer to fill the root canal. The silver points are 
available in standardized sizes, which makes 
point selection easier than before. Still, the 
points are completely incompressible and may 
readily bind in the canal to give an incorrect clin- 
ical feel of a good apical fit. Thus, if silver points 



are used, the root canal should always be pre- 
pared with a cylindrical apical box. 

When an acceptable fit is established clinical- 
ly and radiographically, the silver point is 
marked at the level of an occlusal or incisal ref- 
erence point, usually a cusp or the incisal edge 
of the tooth. The point is then removed and seal- 



190 11 Endodontic Techniques 




Fig. 11.17 Radiograph of a mandibular molar with 
silver point root canal fillings at the 5-year control. 

Normal periapical conditions are seen 



er is applied to the canal walls by means of 
a hand-held lentulo, a paper point, or the like, 
and the silver point is slowly reintroduced into 
the canal to the predetermined level. During 



the insertion, the point acts as a piston to press 
the sealing material in an apical and lateral di- 
rection. 

By these relatively simple procedures, a good 
three-dimensional filling and seal of the root ca- 
nal are achieved, provided that the sealer used 
has acceptable dimensional stability (Fig. 11.17). 
However, as the sealer breaks down under the in- 
fluence of tissue fluids, the silver point will become 
exposed to the tissue fluids and corrosion will oc- 
cur (Fig. 1 0.6). Also, dissolution of the sealer may 
result in leakage, reinfection of the root canal, 
and often a direct oral-apical communication 
through the canal. It may take a considerable 
amount of time for the sealing material to break 
down if the silver point was well adapted. Fail- 
ures of silver point-treated teeth, therefore, are 
often seen several years after the endodontic 
treatment is completed (Fig. 11.18). 

The use of the silver point technique is be- 
coming less and less accepted throughout the 
world. It is described here because of its consid- 
erable traditional importance. 




Fig. 1 1 .1 8 a Radiograph of a maxil- 
lary lateral incisor 8 years following 
root canal filling with the silver point 
technique. The periapical conditions 
are normal, b Three years later, i. e., 
1 1 years following obturation of the 
root canal, apical root resorption 
and an apical radiolucency are ob- 
served 
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Root Canal Obturation with Gutta-Percha Points 



Gutta-percha points are used to fill the root ca- 
nal in various ways and with different tech- 
niques. The most important techniques are the 
dipping technique, the thermoplasticized gutta- 
percha techniques, the lateral condensation 
technique, and the standardized technique. In 
addition, a combination of two or more of these 
techniques is used advantageously in many clin- 
ical situations. 

The Dipping Technique 

The dipping technique is based on gutta-percha's 
property of becoming soft when dipped in chloro- 
form, eucalyptol, or other organic solvents. When 
softened and forced into the root canal, a gutta- 
percha point may be given the exact three-di- 
mensional form of the root canal space. Unfor- 
tunately, the dipping technique has been advo- 
cated by some for use without a sealer. This is a 
misconception, probably due to the fact that the 
surface of a gutta-percha point has a certain 
stickiness in the softened condition. However, as 
stressed above (see p. 169), gutta-percha alone 
cannot seal the root canal. When the solvent has 
evaporated, the point loses its stickiness and 
gaps will develop between the point and the 
root canal wall. Thus, the use of a sealer is man- 
datory with all gutta-percha techniques. Tradi- 



tionally, the dipping technique has been used 
with resin-based chloropercha-like sealers like 
Kloroperka N-0 or simply resin chloroform. 
However, all types of sealers may be used. 

With the dipping technique the root canal 
should be prepared so that it either has a con- 
tinuous tapered preparation or it should have a 
definite apical shelf in the root canal wall (apical 
box preparation). A master point is then selected 
which is two to three sizes larger in diameter 
than the final apical instrument, and the point 
should stop in the canal 2-3 mm short of the 
working length. This is checked radiographically 
and the master point is marked in this position 
at the level of an occlusal or incisal reference 
point. A second mark is used to indicate the dis- 
tance the point has to be introduced further into 
the canal to reach the apical level of instrumen- 
tation. 

The master point is then removed and a sealer 
is applied sparingly to the walls of the root canal. 
Subsequently, the master point is dipped in 
chloroform for about 5-10 seconds, depending 
on the size of the point. It is quickly reintroduced 
into the canal and firmly pushed in an apical di- 
rection until the second mark is at the occlusal 
point of reference, indicating that the gutta- 
percha point has reached the correct apical level. 
Since the gutta-percha is soft, the master point 



Fig.1 1.19 a Radiograph of a 
nonvital maxillary lateral incisor with 
apical periodontitis, b Resolution of 
the periapical lesion is evident at the 
2-year control. The root canal was 
obturated with the dipping 
technique. The slight overfilling of 
the canal is not an uncommon 
occurrence with this technique 
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will now have taken on the three-dimensional 
shape of the root canal apically, and this part of 
the canal will be sealed. In the wider coronal 
parts of the canal, accessory points dipped in 
sealer are inserted next to the master point, and 
by lateral condensation the canal is filled com- 
pletely with gutta-percha. If the condensation is 
successful, a homogenous and bacteria-tight ob- 
turation of the root canal is achieved (Fig. 1 1 .19). 

The dipping technique is basically simple and 
straightforward. However, as with all soft gutta- 
percha techniques, overfilling of the canal will 
occur, especially if the master point is softened 
too much. In addition, there may be problems 
with shrinkage of gutta-percha when the mate- 
rial has been softened in chloroform (Fig. 11.20). 
However, with experience, good long-term re- 
sults can be expected with the dipping tech- 
nique. 

Thermoplasticized Gutta-Percha Techniques 

These techniques use heat-softened gutta-percha 
and, as with the dipping technique, the goal is 
to achieve a bacteria-tight, three-dimensional fill- 
ing of the root canal by softening the gutta- 
percha. 

The warm gutta-percha technique. With 
this technique, the gutta-percha is heated inside 
the root canal by means of hot hand instru- 
ments, so-called heat carriers. The root canal is 
given a continuous tapered shape, although the 



coronal parts of the canal are widened some- 
what more than is the case with most tech- 
niques in order to facilitate the use of the rather 
large and rigid instruments required for the 
heating and condensation of the gutta-percha. 
Because of its greater flare, a nonstandardized 
(accessory) point is used as the master point. 
The pointed tip is cut off so that the point stops 
in the canal about 2-3 mm short of the working 
length. The master point is removed and a sealer 
is applied to the root canal wall. The use of a zinc 
oxide-eugenol-based sealer is recommended. 
The master point is then reintroduced into the 
canal and seared off at the canal orifice with a 
hot plastic instrument, and a cold root canal 
plugger is used to condense the warm gutta- 
percha at the orifice of the canal in an apical di- 
rection. A heat carrier is then heated with a gas 
flame until it is red hot and is introduced 3- 
4 mm into the gutta-percha in the canal and 
quickly withdrawn. The warm gutta-percha is 
again condensed in an apical direction by means 
of cold root canal pluggers. This procedure is re- 
peated to a level 5-6 mm short of the working 
length when it is assumed that the apical part 
of the canal is filled three-dimensionally with 
gutta-percha. 

Since the root canal is sealed coronally during 
the vertical condensation of the gutta-percha, 
considerable apical and lateral hydraulic forces 
are generated. As a result, the root canal sealer 
is often seen to be forced into lateral and acces- 



Fig. 11.20 a Radiograph of a 
mandibular canine with the root 
canal obturated by means of the 
dipping technique, b At the 6-month 
control, the gutta-percha in the 
apical area of the root canal as well 
as part of the overfilling have 
disappeared, in all likelihood 
because of excessive softening of 
the material in chloroform 
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sory root canals when this technique is used 
(Fig. 11.21). If a root canal post is required, the 
obturation of the canal is considered completed 
when the apical 5-6 mm are filled. If not, addi- 
tional sealer is applied to the wall of the coronal 
part of the canal and pieces of gutta-percha, 3- 
4 mm long, are heated and condensed vertically 
in the canal until the entire space is filled. 

The warm gutta-percha technique is an am- 
bitious technique. Its advantage is meant to be 
that the root canal system with lateral and acces- 
sory canals is more completely obturated when 
using this technique than with other more tra- 
ditional techniques. Since the technique re- 
quires vertical condensation of softened gutta- 
percha, it is rather difficult to control and, as 
with the dipping technique, overfillings of the 
root canal are commonly seen. No long-term 
follow-up studies of the results obtained with 
the warm gutta-percha technique have been 
published. 

The injection-molded gutta-percha tech- 
nique. With this technique, the gutta-percha is 
heated outside the mouth until it flows (about 
160 °C) and by means of a pressure syringe is in- 
jected into the root canal after a sealer has been 
applied to the root canal wall. The injection nee- 
dle has to be brought as close to the apical level 
of instrumentation as possible, and at least to 
the apical third of the canal. By slowly pulling 
the needle back while the gutta-percha is being 




Fig. 1 1 .21 Radiograph of a mandibular molar with root 
canals obturated with the warm gutta-percha tech- 
nique. The wide preparation as seen in the distal canal 
may be necessary to facilitate the use of root canal 
pluggers in the apical area. Note the filling of the apical 
accessory canal and the slight overfilling which are 
commonly seen with this technique 

injected, the entire root canal can be filled vir- 
tually in seconds (Fig. 11.22). 

Obviously, shrinkage of the gutta-percha oc- 
curs when the material is heated to such tem- 
peratures. To counteract the shrinkage as much 
as possible, only 2-3 mm of the canal should be 
filled at a time. A continuous condensation force 
is then exerted on the gutta-percha during the 
cooling of the material, which takes about 




Fig. 1 1 .22 a Radiograph of a 
maxillary incisor with the root 
canal obturated with the injection- 
molded gutta-percha technique. A 

slight extrusion of gutta-percha is 
seen in spite of apical box 
preparation of the root canal, b 
Periapical repair is evident 
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Fig. 1 1 .23 Radiograph of a mandibular premolar with 
the root canal obturated with the injection-molded 
gutta-percha technique. The method is difficult to 
control, and without a good apical stop, severe 
extrusion of material readily occurs 



2 minutes. A new portion of soft gutta-percha is 
then added and again it is held under pressure 
until cooled. In this way the entire root canal is 
filled step by step. 

This is, again, a method dealing with softened 
gutta-percha being vertically condensed in the 
root canal. The method is difficult to control and 
both overfilled and incompletely filled canals oc- 
cur regularly (Fig. 11.23). For this reason, the 
method is also used with an unsoftened master 
gutta-percha point, which, when placed in the 
root canal, will block the apical opening of the 
canal. Injection-molded gutta-percha is then 
used to fill those parts of the canal that are tra- 
ditionally filled by accessory points and lateral 
condensation. Moreover, the injection technique 
has shown some promise in the obturation of 
blunderbuss canals of immature teeth after an 
apical mineralized barrier has been created by 
means of long-term calcium hydroxide treat- 
ment (see p. 120). On the whole, the suitability 
of the injection-molded gutta-percha technique 
greatly depends on whether the foraminal area 
of the root canal is plugged or not prior to the 
actual filling of the canal. No data on long-term 
results with this technique are available. 

Thermomechanical condensation tech- 
niques. Efforts have been made to soften gutta- 
percha inside the root canal by friction heat from 



rotary or vibratory instruments. Functioning 
systems have been developed and are commer- 
cially available. However, these systems are all 
technique-sensitive and difficult to control. In 
addition, frequent fractures of the instruments 
in the canal appear to be a problem. At this time 
it is difficult to foresee a breakthrough in obtu- 
ration technique in this area. 

Lateral Condensation Technique 

The purpose of the lateral condensation tech- 
nique is to fill the root canal three-dimension- 
ally and bacteria-tight with gutta-percha and a 
sealer without softening the gutta-percha with 
chemicals or heat. In this way, the conceivable 
problems with shrinkage of softened gutta- 
percha are prevented, as are many of the diffi- 
culties of controlling the apical level of the root 
canal filling. The root canal is prepared with a 
continuous taper. A master gutta-percha point 
of the same size as the master apical file is se- 
lected and placed in the canal to the working 
length. The placement of the master point is 
controlled radiographically, and necessary ad- 
justments are made. The master point is then 
marked at the level of an occlusal or incisal ref- 
erence point and is removed from the canal. A 
sealer is applied sparingly to the canal wall or 
the master point is coated with the sealer before 
being reinserted into the canal to the correct 
apical level without being softened. A spreader, 
for example, a finger spreader no. B, is then in- 
troduced into the canal, ideally to the level of or 
near the apical end of the master point. The 
spreader is carefully moved back and forth to 
create space for an accessory gutta-percha point. 
In the process, the master point is forced later- 
ally against the root canal wall and is deformed 
to match the shape of the root canal, hence the 
term "lateral condensation" of gutta-percha. An 
accessory point is selected to fit into the space 
made by the spreader. The spreader is then re- 
moved, the accessory point is dipped in sealer 
and quickly introduced into the canal to the lev- 
el of the tip of the spreader, and importantly, 
without being softened. The spreader is used 
again in the same fashion, this time to the same 
level or to a level slightly coronally to the tip of 
the first accessory point, and a second point is 
coated with sealer and inserted. This sequence 
is repeated until the apical part of the root canal 
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is filled three-dimensionally with gutta-percha. 
In the coronal flared part of the canal, larger 
spreaders and larger accessory points may be 
used to speed up the obturation procedure until 
the canal is completely filled with gutta-percha. 
And importantly, since the material was not sof- 
tened, the root canal filling will be dimensionally 
stable (Fig. 11.24). 

This is an excellent technique when mastered. 
However, lateral condensation of gutta-percha 
in the apical part of the root canal is far from an 
easy procedure. In order to obtain a three-di- 
mensional filling of the apical area of the canal 
with gutta-percha, the unsoftened points have 
to be deformed and given the shape of the canal 
by effective use of the spreader. This is difficult 
and the apical part of the canal may be filled 
mostly with sealer if the technique of lateral 
condensation is not fully mastered. Then, grad- 
ually as the sealer dissolves under the influence 
of tissue fluids, the obturation of the canal may 
be incomplete. Because of this, attempts have 
been made to improve upon the technique by 
using electrically heated spreaders during the 
lateral condensation. The gutta-percha is then 
softened by the heat and the immediate fill of 
the canal may be improved. However, as dis- 
cussed above, heated and softened gutta-percha 
is bound to shrink and the long-term seal of the 
canal may be affected by the shrinkage. 



Standardized Endodontic Technique 

The standardized technique was made possible 
through the development of the standardized 
root canal instruments and the standardized 
gutta-percha points. It is based on morphomet- 
ric studies of the roots and root canals of human 
teeth and the findings that a cylindrical apical 
box may be prepared in the canal of most teeth 
in all groups of teeth. An unsoftened gutta-percha 
master point of the same size as the diameter of 
the apical box will then fit in the apical part of 
the canal, in principle like a cork in a bottle (Fig. 
11.25). 

In developing this technique, the fact has 
been taken into account that other possibly 
more ambitious techniques may suffer from 
shrinkage of the gutta-percha or will often be 
single-point techniques without an optimal 
matching of the gutta-percha point to the shape 
and size of the apical part of the root canal. With 
the standardized technique, the principle of a 
single point plus sealer obturating the apical 
part of the root canal has been accepted, and the 
challenge of the technique then is to prepare the 
canal so that this becomes feasible and will give 
long-term results that are at least as good as or 
better than other accepted techniques. 

The root canal is prepared according to the api- 
cal box technique (Fig. 11.13, 11.25). A standard- 




Fig. 1 1.24a Radiograph of a maxil- 
lary canine with apical periodontitis 
treated with the step-back / lateral 
condensation technique, b At the 

5-year control, there is resolution 
of the periapical lesion and the root 
canal filling is dimensionally stable 
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Fig. 1 1 .25 Diagram illustrating technical principles of 
endodontic treatment with the standardized 
technique, a Tooth with a root canal, usually with an 
oval shape in the apical area, b Apical area of the canal 
prepared to take on a circular shape (apical box 
preparation), c Unsoftened gutta-percha master point 
with the same diameter and form as the last-used 



ized gutta-percha master point is then selected 
which is of the same size as the final instrument 
used with a rotary cutting action in the prepa- 
ration of the apical box of the root canal. It 
should be remembered that the standardization 
of the gutta-percha points is less accurate than 
the standardization of the metallic instruments 
so that a few points may have to be tried before 
one is found that can be seated at the correct 
apical level of instrumentation, giving the de- 
sired resistance to dislodgment which is com- 
monly referred to as tug back. The final place- 
ment of the master point is controlled radio- 
graphically (Fig. 11.26), and necessary ad- 
justments based on the radiographic findings 
may be made at this point. When the fit and 
placement are found to be right, the master 
point is marked at an occlusal or incisal point of 
reference and is removed. A sealer is then placed 
sparingly on the root canal wall or the master 
point is coated with the sealer. The master point 
is then reinserted into the canal to the working 
length without being softened. If the point does 
not reach the desired apical level, it is removed 
from the canal and a K-type instrument of the 
same size as the master point is used to clear the 




d 



reamer introduced into canal. The master point should 
fit apically like a cork in a bottle, d Apical area of the 
canal sealed by the master point plus sealer. Further 
coronally, additional accessory gutta-percha points are 
used to complete the obturation of the flared part of 
the canal 



root canal, most often from dentin chips that 
may have become dislogded during application 
of the sealer. Please note that when appliyng this 
technique the final position of the master point in 
the root canal should not be affected by subse- 
quent vertical or lateral condensation. It must, 
therefore, be placed exactly in its correct position 
before accessory points are inserted and con- 
densed in the flared part of the canal. 

When satisfied that the master point is opti- 
mally placed, a spreader is introduced alongside 
the master point to determine the apical level 
to which the first accessory point should reach. 
The flared part of the canal is then filled with 
accessory gutta-percha points dipped in sealer, 
and since the apical seal is provided by the mas- 
ter point a much less agressive lateral conden- 
sation than described for the lateral condensa- 
tion technique is required (Figs. 11.25, 11,26). 

An important advantage of the standardized 
technique is the systematization offered by a 
standardized instrumentation and obturation 
system. The technique is easy to comprehend 
and especially the obturation phase is simple 
compared to most other methods. Overfilling 
rarely occurs and long-term follow-up studies 
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show that the root canal fillings remain dimen- 
sionally stable. 

Possible drawbacks of the standardized tech- 
nique are related to the instrumentation phase 
of the treatment in that the apical part of the 
root canal is prepared wider than is commonly 
seen with other techniques in order to ensure a 
clean canal and to obtain the desired cylindrical 
apical box. Canals which may create problems 



for the standardized technique are especially 
found in mandibular incisors, maxillary first 
premolars, and maxillary lateral incisors. Still, 
with a proper understanding of root canal anat- 
omy, the standardized technique will be an ef- 
fective and safe method even in these teeth (Fig. 
11.27). Excellent long-term results in all groups 
of teeth are reported with the standardized 
technique. 




i j k I 

Fig. 1 1 .26 Radiographs of three teeth treated with the graphs. Note the degree of apical enlargement in the 

standardized technique, a, e, i Preoperative radio- various roots as well as the excellent technical control 

graphs, b, f, j Tooth length radiographs, c, g, k Master of the method 
point trial radiographs, d, h, I Postoperative radio- 
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Fig. 11.27 Radiographs of teeth treated with the 
standardized technique, a Mandibular incisors with 
narrow roots and wide root canals (apical box size 70). 
b Maxillary canine with a curved, wide root canal (apical 

Two-Step and Other Techniques 

Occasionally during endodontic treatment there 
will be teeth with special problems where the 
routine methods have to be modified. In some 
instances, such as in teeth where the root canal 
divides into two canals in the middle or apical 
third of the root or in teeth with internal resorp- 
tion, a technique in which the tooth is filled in two 
steps may be practical (Fig. 11.28). 

In teeth where the canal divides, both canals 
are prepared according to the technique used. 
Thereafter one of the canals is obturated. When 
this is completed, a heated root canal instru- 
ment is brought to the level where the root canal 
divides and the gutta-percha is removed coro- 
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Fig. 1 1 .28 a Diagram illustrating the obturation of a 
root canal in which the apical half of the root is split. 

If the main canal is not wide enough for both apical 
canals to be filled simultaneously, one canal is filled 
first. The gutta-percha is then burned away with a hot 
root canal instrument at the level where the canal 
divides. Then the main canal and the second apical 
canal are filled, b Radiograph of an endodontically 
treated mandibular premolar in which the root canal 
divides in the apical half of the root 



box size 80). c Maxillary premolar with S-shaped root 
and wide root canal (apical box size 90). d Mandibular 
molar with a severely curved mesial root (apical boxes 
size 35) 

nally to this level. The second apical canal and 
the main canal are then filled in the customary 
way. 

Similarly, in teeth with internal resorption the 
root canal apical to the resorption defect is filled 
first with the routine technique used (Fig. 
11.29). The gutta-percha points are then seared 
off at the apical level of the resorption lacuna. 
Thereafter, the resorption defect and the coronal 
part of the canal are filled by vertical condensa- 
tion of softened gutta-percha without risk of 
overfilling the canal. 

In teeth with incomplete root formation, the di- 
ameter of the root canal may be wider than the 
largest size gutta-percha point available. In such 
teeth it may be a good alternative to customize 
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Fig. 1 1 .29 a Diagram illustrating the obturation of a root canal with an 
internal resorption lacuna. The root canal apical to the resorptive 
defect is filled in the normal manner. The gutta-percha is then removed 
to the apical floor of the resorption lacuna and the lacuna is filled 
by means of vertical condensation of softened gutta-percha, 
b Radiograph of an endodontically treated maxillary lateral incisor with 
internal resorption 




a master point to fit the root canal. This is done 
by heating several gutta-percha points in warm 
water and rolling them between two glass slabs 
until they become one point with a diameter 
slightly larger than that of the canal to be filled. 
The surface of the customized point is then again 
carefully softened in warm water and the point 
is inserted into the root canal to the working 
length. The point is moved slightly up and down 
in the canal, and after hardening is removed. 
Sealer is then applied to the canal and the cus- 
tomized point is reinserted to seal the apical part 



of the canal. Coronally, necessary accessory 
points are added under lateral condensation in 
the normal way. // the canal is blunderbuss- 
shaped, the apical end of the customized point is 
softened over an alcohol flame. It is then intro- 
duced into the canal and carefully but firmly 
forced toward the apical hard-tissue barrier so 
that the gutta-percha fills the apical undercuts in 
three dimensions (Fig. 11.30). To minimize the 
shrinkage of the softened gutta-percha, a contin- 
uous force is exerted on the gutta-percha point 
during the material's cooling period (2 minutes). 




Fig. 11.30 a Diagram illustrating the obturation of an apexified 
immature tooth with a root canal in the shape of a blunderbuss. A 

gutta-percha point which fits the major part of the root canal is 
fabricated. The point is removed, sealer is applied to the canal, the end 
of the gutta-percha point is softened, and the point is firmly forced 
against the apical hard-tissue barrier so as to fill the apical undercuts 
in three dimensions, b Radiograph of endodontically treated maxillary 
incisors with blunderbuss-shaped root canals 
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Root Canal Obturation with Pastes 



Materials mixed from a powder and a liquid into 
a paste that constitutes the sole material for ob- 
turation of the root canal are available on the 
market. The paste materials may be introduced 
into the canal by means of lentulo spirals or by 
injection. At first glance this may seem to be a 
simple and attractive technique, but in reality it 
is not. Overfilling of the canal is the rule, not the 
exception. The homogeneity of the root canal 
filling is often not satisfactory, and the canal is 



often inadequately sealed in spite of overfilling. 
Some of the pastes will shrink after setting, and 
most of them are soluble in tissue fluids. From 
the point of view of physical properties, the res- 
in-based pastes Diaket and AH26 (see p. 1 72) are 
the most interesting materials. However, the 
fact that these materials are almost impossible 
to remove from the root canal after setting is 
reason enough for them not be used other than 
in conjunction with gutta-percha. 



'Biological" Obturation Techniques 



During the past 100 years, numerous attempts 
have been made to develop so-called biological 
obturation techniques, i. e., techniques aimed at 
inducing hard-tissue closure of the root canal or 
ingrowth of new connective tissue into the canal 
from the periapical area. Well known in this re- 
gard are the experiments from the first half of 
last century with calcium hydroxide as a perma- 
nent root filling material. The idea behind these 
experiments was that if the root canal were 
filled with calcium hydroxide, a precipitation of 
calcium salts would occur that might ultimately 
cause a complete obturation of the canal. 

However, since calcium hydroxide dissolves 
in tissue fluids rather rapidly, an obturation of 
the root canal obviously did not take place. Still, 
it was learned from these experiments that calci- 
um hydroxide indeed has a hard tissue-inducing 
effect. This effect is presently being utilized in 
many areas of modern endodontic therapy, in 
pulp capping and pulpotomies, in apexigenesis 
and apexification treatment of teeth with in- 
completely formed roots, and in the treatment 
of perforation and resorption defects in the root 
(Figs. 5.8, 6.18, 8.18). 

More recently, interesting animal experi- 
ments have been reported in which a gel of col- 
lagen and biologically active chemicals was ap- 
plied in the root canal. With this method, both 
ingrowth of tissue and apical and intra-canal 
calcifications have been observed. Probably the 
most interesting experiments in this regard, 
however, are the attempts to induce ingrowth of 



new connective tissue into the root canal by 
means of a blood clot. In these experiments the 
root canal is instrumented through the apical fo- 
ramen, but otherwise prepared in the normal 
way. Periapical bleeding is then provoked and 
when the canal is filled with blood, it is sealed 
bacteria-tight at a distance from the apex. In vi- 
tal teeth, new connective tissue or a "new pulp" 
forms routinely in the canal as far as 12-13 mm 
from the apical foramen (Fig. 5.23). In nonvital 
teeth, however, new connective tissue is seen 
only in exceptional cases, possibly because of in- 
adequate infection control in the experimental 
situation. The findings of these experiments 
have already been adopted clinically; after a 
pulpectomy, the root canal is now consistently 
filled to a level 1 -3 mm short of the radiographic 
apex, even if the entire pulp has been extirpated. 
The unfilled space apical to the root filling will 
then be filled automatically with tissue fluids 
and blood which will become organized into 
new connective tissue. 

The interesting results achieved with calcium 
hydroxide, the blood clot, and other experi- 
ments of this type have resulted in considerable 
enthusiasm, and the results of new experiments 
with "biological methods" in endodontics are 
published from time to time. Therefore, there is 
every reason to believe that present endodontic 
techniques may change in the future. Until then, 
however, the goal must be to achieve a bacteria- 
tight seal of a clean, bacteria-free root canal with 
biologically acceptable materials. 
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The root canal system of human teeth may be ex- 
tremely complex. Still, in spite of the irregulari- 
ties, all groups of teeth have a general pattern in 
their root canal morphology. Virtually all teeth 
have main root canals and it is the main canals that 
we instrument and obturate during endodontic 
treatment. Lateral and accessory canals are influ- 
enced by irrigants and antiseptics, and only in 
rare instances will the outcome of the treatment 
depend on whether an accessory canal is actually 
obturated or not. This is the case even if an endo- 
dontic lesion clearly originates from a lateral root 
canal. If adequate chemomechanical instrumenta- 
tion and disinfection are carried out and the main 
root canal is filled, the lateral periodontitis will heal 
even if the lateral canal is not filled (Fig. 12.1). This 
is an extremely important concept in endodon- 
tics, and without this concept, root canal treat- 
ment has no logical foundation. Therefore, the 
root canal morphology of the teeth as it pertains 
to clinical endodontic therapy will be discussed. 




Fig. 1 2.1 a Radiograph of a nonvital mandibular canine 
with lateral periodontitis, b At the 2-year control there 
is resolution of the lateral radilucent lesion. Note that 
a possible lateral canal going to the lesion has not been 
instrumented or obturated 



Maxillary Central Incisor 






Average length of the tooth: 
Number of roots: 
Number of root canals: 
Lateral root canals: 
Apical root canal delta: 
Apical foramen 



Diameter of the root canal 



0- 1 mm from apex: 

1- 2 mm from apex: 

1 mm from apex: 

2 mm from apex: 

3 mm from apex: 
5 mm from apex: 

Recommended apical enlargement (master point): 



22.5 mm 

1 (100%) 

1 (100%) 

Occasional 

Frequent 

80% 

20% 

0.3-0.45 mm 
0.35-0.7 mm 
0.4-0.8 mm 
0.45-0.9 mm 
60-80 



Fig. 12.2 Diagram of a maxillary central incisor: Buccal, proximal, and incisal view 



Treatment Guidelines 

The access cavity is prepared with long-shank 
round burs and the point of entry is on the pal- 



atal surface of the tooth, slightly incisal to the 
singulum. The bur is held at an angle of about 
30° to the long axis of the tooth and the long 
shank is helpful in aligning the bur correctly. 
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When an opening to the pulp chamber has been 
achieved, the access cavity is enlarged mainly 
with outward strokes of the bur to reflect the 
size and shape of the pulp chamber (see p. 179). 
It is very important to include the pulp horns in 
the cavity so that all tissue and discolored dentin 
are removed to prevent discoloration of the 
tooth. A round bur no. 2 is used for this purpose. 



Also, the root canal has a definite cervical con- 
striction that should be removed before the ac- 
tual root canal instrumentation begins. This is 
done with a long, tapered, diamond-coated bur, 
a Gates-Glidden, or similar bur. The apical part 
of the root canal is circular in shape and a cir- 
cular apical box may be readily prepared in this 
tooth. 



Maxillary Lateral Incisor 






Average length of the tooth: 22 mm 

Number of roots: 1 (99.9%) 

Number of root canals: 1 (99.9 %) 

Lateral root canals: Occasional 

Apical root canal delta: Frequent 

Apical foramen 0-1 mm from apex: 90% 

1-2 mm from apex: 10% 

Diameter of the root canal 1 mm from apex: 0.3-0.6 mm 

2 mm from apex: 0.35-0.8 mm 

3 mm from apex: 0.4-1 mm 
5 mm from apex: 0.4-1 mm 

Recommended apical enlargement, straight canal: 60-80 



Fig. 12.3 Diagram of a maxillary lateral incisor: Buccal, proximal, and incisal view 



Treatment Guidelines 

The access cavity is prepared with long-shank, 
round burs as described for the maxillary central 
incisor. The lateral incisor typically has a wide 
root canal in a narrow root. Thus, the diameter 
of the canal in the apical 5 mm of the root is gen- 
erally wider than both in the maxillary central 
incisor and the maxillary canine. However, the 
most apical part of the canal has a fairly round 
shape, so that a circular apical box may be pre- 
pared in lateral incisors. Still it must be under- 
stood that the canal of these teeth should be en- 
larged considerably more in the apical area than 
would normally be expected judging by the size of 
their roots. 

The root of the maxillary lateral incisor is fre- 
quently curved apically, often in a palatal direc- 
tion so that the curve may not be apparent in a 
radiograph immediately. Although the curved 
canals are generally narrower than the canals in 
lateral incisors with straight roots, they are still 
wide and may be difficult to instrument ade- 




Fig. 1 2.4 Radiograph of a maxillary lateral incisor with 
enamel invagination in a 16-year-old 



204 72 Dental Morphology and Treatment Guidelines 



quately. As a result, historically speaking, endo- 
dontic treatment of the maxillary lateral incisor 
has failed more than in any other tooth. However, 
the use of flexible nickel-titanium instruments 
has made it easier to instrument wide, curved 
canals without perforations, canal transporta- 
tion, or other mishaps. 

Enamel invagination and dens in dente occur 
most often in the maxillary lateral incisor (Fig. 



12.4). These malformations may allow penetra- 
tion of bacteria to the pulp and endodontic treat- 
ment of these teeth will frequently be necessary. 
The practical approach will depend on the clin- 
ical and radiographic findings and the degree of 
irregularities of the tooth. Often a surgical inter- 
vention with retrograde fillings to support the 
best possible orthograde obturation of the root 
canals will be necessary. 



Maxillary Canine 





Average length of the tooth: 


26.5 mm 


Number of roots: 


1 (99.9%) 


Number of root canals: 


1 (99.9%) 


Lateral root canals: 


Infrequent 


Apical root canal delta: 


Occasional 


Apical foramen 0-1 mm from apex: 


70% 


1-2 mm from apex: 


30% 


Diameter of the root canal 1 mm from apex: 


0.2-0.45 mm 


2 mm from apex: 


0.2-0.55 mm 


3 mm from apex: 


0.3-0.7 mm 


5 mm from apex: 


0.3-0.7 mm 


Recommended apical enlargement: 


50-70 



Fig. 12.5 Diagram of a maxillary canine: Buccal, proximal, and incisal view 



Treatment Guidelines 

The access cavity is prepared with long-shank, 
round burs as described for the maxillary central 
incisor. The maxillary canine is the longest tooth 
in the dentition and teeth 30 mm and longer are 
occasionally seen. The root canal is straight and 



circular in shape and only a very slight apical 
curvature of the root is sometimes seen. A cir- 
cular apical box may be readily prepared, and 
this tooth lends itself exceptionally well to treat- 
ment with the standardized technique. On ex- 
tremely rare occasions, the maxillary canine 
may have two root canals. 



Maxillary First Premolar 




Treatment Guidelines 

The maxillary first premolar has, as a rule, two 
root canals. The pulp chamber is elongated in a 
buccopalatal direction and the orifices of the ca- 
nals are located slightly centrally to the buccal 
and lingual cusp tips. The access cavity is pre- 
pared with a long-shank, round bur directed at 
the long axis of the tooth with the point of entry 



in the middle of the occlusal central groove. 
When the pulp chamber has been penetrated, 
the bur is used in the normal manner with out- 
ward strokes to remove the tooth structure 
overhanging the pulp chamber. The shape of the 
floor of the pulp chamber will usually indicate 
the number of canals. If one canal is present, it 
is located centrally in the tooth. If two canals are 
present, they are usually further apart, i.e., fur- 
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20.6 mm 

1 (19%); 2 (80%); 3(1 %) 
1 (4%); 2 (95%); 3(1%) 
Infrequent 
Infrequent 

95% 
5% 



Average length of the tooth: 
Number of roots: 
Number of root canals: 
Lateral root canals: 
Apical root canal delta: 
Apical foramen 0-1 mm from apex: 
1-2 mm from apex: 
Diameter of the canal in teeth with 

3 canals 2 canals 1 canal 

1 mm from apex: 0.1 5-0.2 mm 0.1 5-0.7 mm 0.5 mm 

2 mm from apex: 0.1 5-0.2 mm 0.2-1 mm 0.7-1.2 mm 

3 mm from apex: 0.1 5-0.35 mm 0.2-0.9 mm 0.7-1.2 mm 
5 mm from apex: 0.25-0.35 mm 0.25-1 mm 0.8-1 .2 mm 
Recommended apical enlargement in teeth with 1 canal: 50-70 

in teeth with 2 canals: 35-50 
in teeth with 3 canals: 35 



Fig. 12.6 Diagram of a maxillary first premolar: Buccal, proximal, and occlusal view 



ther buccally and palatally than perhaps would 
be expected. Teeth with three canals have two 
buccal canals and one palatal canal. Most max- 
illary first premolars have a distinct concavity in 
the mesial root surface, increasing the risk of 
mesiocervical perforations during access prepa- 
ration. The cusps of this tooth are often weak- 
ened when endodontic treatment is indicated, 
and their height should be reduced or they 
should be strengthened with a bonded restora- 
tion prior to endodontic treatment to prevent 
uncontrolled crown-root fractures. 

The root canals of the maxillary first premolar 
vary considerably in width, and the variations 



are not necessarily related to the diameter ot the 
root. Endodontically, this is a difficult tooth, and 
more failures are found with it than with any 
other tooth except the maxillary lateral incisor. 
To improve upon this, it is necessary to under- 
stand and accept how wide the apical part of the 
root canals can be in the maxillary first premolar 
and to instrument them accordingly. This re- 
quires both patience and skills in the narrow and 
often curved roots of this tooth. However, a cir- 
cular apical box can most often be prepared and 
the use of flexible nickel-titanium instruments 
is helpful. 



Maxillary Second Premolar 




Average length of the tooth: 
Number of roots: 
Number of root canals: 
Lateral root canals: 
Apical root canal delta: 
Apical foramen 0-1 mm from a 

1-2 mm from a 
Diameter of the canal in teeth with 

3 canals 



21 .5 mm 

1 (90%); 2 (9%); 3(1%) 
1 (75%); 2 (24%); 3(1%) 
Infrequent 
Infrequent 



pex: 75% 
pex: 25% 



2 canals 
0.3-0.35 mm 
0.3-0.7 mm 
0.3-1.1 mm 
0.3-1.1 mm 

Recommended apical enlargement in teeth with 1 canal: 40-70 

in teeth with 2 canals: 35-50 
in teeth with 3 canals: 35 



1 mm from apex: 

2 mm from apex: 

3 mm from apex: 
5 mm from apex: 



0.1 mm 
0.1-0.25 mm 
0.2-0.35 mm 
0.2-0.35 mm 



1 canal 
0.2-0.7 mm 
0.25-0.7 mm 
0.4-1.2 mm 
0.4-1.2 mm 



Fig. 12.7 Diagram of a maxillary second premolar: Buccal, proximal, and occlusal view 
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Treatment Guidelines 

The maxillary second premolar usually has one 
root and one root canal. The pulp chamber is 
elongated in a buccopalatal direction, and the 
access cavity is prepared as described for the 
maxillary first premolar. The coronal part of a 
single root canal is ribbon-shaped. It tapers off 
and takes on a circular form in the apical third 
of the root. In about 1 0-1 5 % of the teeth, a single 
canal splits into two canals in the apical 3-4 mm 
of the root. When two canals are present, their 



orifices are located buccally and palatally, cen- 
trally to the cusp tips, as in the maxillary first 
premolar. The two canals may occasionally join 
apically, but as a rule they have separate apical 
foramina. When three canals are present, two 
are located buccally and one palatally. These ca- 
nals are narrow and may be difficult both to lo- 
cate and to instrument. Otherwise, the maxillary 
second premolar is easier to instrument than the 
first premolar, also when two canals are present, 
and in most instances the canals can be given a 
circular form in the apical area. 



Maxillary Molars 



Maxillary First Molar 




Average length of the tooth: 
Number of roots: 
Number of root canals: 
Lateral root canals: 
Apical root canal delta: 



20.8 mm 

2 (15%); 3 (85%) 

3 (60%); 4 (40%) 
Occasional 
Infrequent 



Fig. 1 2.8 Diagram of a maxillary first molar: Buccal, proximal, and occlusal view 



Maxillary Second Molar 




Average length of the tooth: 20 mm 

Number of roots: 1 (1 %); 2 (1 9 %); 3 (80 %) 

Number of root canals: 1 (1 %); 2 (2 %); 

3 (57%); 4 (40%) 
Lateral root canals: Occasional 
Apical root canal delta: Infrequent 



Fig. 12.9 Diagram of a maxillary second molar: Buccal, proximal, and occlusal view 
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Mesiobuccal Root of Maxillary Molars 

Number of root canals: 1 (60 %); 2 (40 %) 

Number of apical foramina: 1 (85 %); 2(15%) 

Apical foramina, 0-1 mm from apex: 80% 

1 -2 mm from apex: 20 % 

Diameter of canal in roots with 2 canals: 1 canal: 

1 mm from apex: 0.1 -0.4 mm 0.2-0.6 mm 

2 mm from apex: 0.1 -0.5 mm 0.2-0.8 mm 

3 mm from apex: 0.1 5-0 mm 0.35-1 mm 
5 mm from apex: 0.1 5-0 mm 0.35-1 mm 
Recommended apical enlargement in roots with 1 canal: 35-50 

in roots with 2 canals: 35-45 



Distobuccal Root of Maxillary Molars 

Number of root canals: 1 (1 00 %) 

Apical foramen, 0-1 mm from apex: 75 % 

1-2 mm from apex: 25% 

Diameter of the canal, 1 mm from apex: 0.1 5-0.4 mm 

2 mm from apex: 0.1 5-0.55 mm 

3 mm from apex: 0.1 5-0.6 mm 
5 mm from apex: 0.2-1 .2 mm 

Recommended apical enlargement: 40-60 



Palatal Root of Maxillary Molars 

Number of root canals: 1 (1 00 %) 

Apical foramen, 0-1 mm from apex: 80% 

1-2 mm from apex: 20% 

Diameter of the canal, 1 mm from the apex: 0.1 5-0.4 mm 

2 mm from apex: 0.2-0.8 mm 

3 mm from apex: 0.2-0.9 mm 
5 mm from apex: 0.2-1.2 mm 

Recommended apical enlargement: 60-100 



The palatal root may have two canals in molars 
with fused roots. However, clinically, the sec- 
ond palatal canal will appear as the distobuccal 
canal. 

Treatment Guidelines 

The pulp chamber of the maxillary molars is 
generally located in the mesial two-thirds of the 
crown (Fig. 12.10). The access cavity is prepared 
with long-shank, round burs and the point of en- 
try is the mesio-occlusal central groove ot the 
tooth. The orifice of the main mesiobuccal canal 



is located slightly palatally to the mesiobuccal 
cusp tip. The orifice of the palatal canal is found 
central-palatally in the mesial two-thirds of the 
crown. When a second mesiobuccal canal is 
present, its orifice will be seen near the main 
mesiobuccal canal on a straight line between 
this canal and the palatal canal. The distobuccal 
canal is located slightly distally to the midline 
between the mesial and distal surfaces of the 
crown and somewhat more palatally than the 
mesiobuccal canal. The pulp chamber has a tri- 
angular base with the canal orifices located in 
the corners of the triangle. In molars with their 
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roots grouped closely together, as is most often 
seen in second molars, the orifice of the disto- 
buccal root canal will have "moved" in a mesi- 
opalatal direction along a line perpendicular to 
the line between the mesiobuccal and the pala- 
tal canals (Fig. 12.11). In second molars with ex- 
tremely narrow pulp chambers, the distobuccal 
canal may have moved so far mesially and pal- 
atally that the orifices of all four canals are lo- 
cated on a more or less straight line between the 
mesiobuccal and palatal canals. If the mesiobuc- 
cal cusp is weak, or if a crown restoration is 
planned subsequent to the endodontic treat- 
ment, this cusp should always be cut prior to 
treatment. This will greatly improve the visibil- 
ity of the access cavity and facilitate the root ca- 
nal instrumentation and obturation phases of 
the treatment. 



First molar 




Buccal 



Fig. 1 2.1 0 Diagram illustrating the location of the root 
canal orifices in a maxillary first molar 



Second molar 




a b 



Fig. 12.11 a Diagram illustrating the location of the 
root canal orifices in a maxillary second molar. As 

compared to the first molar, the distobuccal canal has 
"moved" in a mesiopalatal direction, b In molars with 
narrow pulp chambers, the orifices of all four canals 
may be located on a more or less straight line between 
the mesiobuccal and palatal canals 



As indicated above, the mesiobuccal root of 
about every other maxillary molar has two ca- 
nals. The coronal part of the canal located fur- 
thest buccally is fairly wide and this canal is 
readily located. The orifice and coronal part of 
the second mesiobuccal canal may be extremely 
narrow, and as a result this canal is often over- 
looked in the clinical situation. Still, the success 
rate of endodontic treatment of this root is good, 
conceivably because the two canals in most in- 
stances have a common apical foramen. Obvi- 
ously, all maxillary molars should be examined 
for a second mesiobuccal canal. Circular apical 
boxes may be prepared in most mesiobuccal 
roots, regardless of the presence of one or two 
canals. 

The distobuccal root is generally straight and 
has one canal with a near-circular shape in the 
apical area. The distobuccal root canal is excep- 
tionally well suited to being instrumented with 
a circular apical box. 

The palatal root is most often straight, but 
may curve in a buccal direction in its apical part. 
This may not be readily detected radiographi- 
cally. The palatal root canal is wide and appears 
to present few problems during the instrumen- 
tation phase. However, the canal may be ribbon- 
shaped and may be wider apically than is clini- 
cally apparent. Apical foramina with a largest di- 
ameter of more than 3 mm have been observed 
in mature teeth. However, most often, the pala- 
tal canal decreases in size in the apical 2-5 mm 
of the root and it takes on a circular shape in this 
area. Still, the apical part of the canal should be 
instrumented as wide as the diameter and a pos- 
sible buccal curvature of the root allow. A circu- 
lar apical box is then usually attained. 

Maxillary Third Molar 

As is known, the morphology of the third molar 
varies considerably and is rather unpredictable. 
However, this tooth may also be well developed 
and may appear clinically and radiographically 
as a first or second molar. In these instances, the 
data for the first and second molars may be used 
for the third molar as well. If the third molar has 
an extremely irregular form, it may or may not 
be possible to perform adequate endodontic 
treatment of the tooth. This decision will have 
to be made based on the actual clinical and ra- 
diographic findings in each individual tooth. 
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Mandibular Incisors 




Average length of the central incisor: 
Average length of the lateral incisor: 
Number of roots: 
Number of root canals: 
Number of apical foramina: 
Lateral root canals: 
Apical root canal delta: 
Apical foramina 0-1 mm from apex: 
1-2 mm from apex: 
Diameter of the root canal 1 mm from apex: 

2 mm from apex: 

3 mm from apex: 
5 mm from apex: 

Recommended apical enlargement in teeth with 1 canal: 35-60 

in teeth with 2 canals: 35-50 



20.7 mm 

21.7 mm 

1 (100%) 

1 (60%); 2 (40%) 

1 (99%); 2(1 %) 

Occasional 

Infrequent 

90% 

10% 

0.1 5-0.7 mm 
0.3-1 mm 
0.3-1 mm 
0.3-1.3 mm 



Fig. 12.12 Diagram of mandibular incisors: Buccal, proximal, and incisal view 



Treatment Guidelines 

The access cavity is prepared with long-shank, 
round burs. The point of entry is the central area 
of the lingual surface of the crown. When two 
canals are present, there is a buccal and lingual 
canal with the lingual canal peripheral in the root. 
The access cavity, therefore, must be enlarged in 
a cervical direction to expose the lingual canal 
orifice. Also, it is often necessary to enlarge the 
access cavity in an incisal direction, even to a 
point where the incisal edge is broken, to facil- 
itate adequate access to the root canals. Special 
attention is given to the pulp horns and a round 
bur no. 2 is used to clean these areas of the 
crown. 

Apart from the fact that the mandibular cen- 
tral incisor is somewhat smaller than the lateral 
incisor, the teeth are quite similar. This applies 
to their root canal system as well. The root canal 
is ribbon- or hour glass-shaped, or two canals 



may be present that almost without exception 
join in a common apical foramen. Endodontically, 
the mandibular incisor is a difficult tooth with 
a rather high failure rate. The lingual canal is of- 
ten overlooked, usually because of an inade- 
quate access cavity. In teeth with two canals, the 
apical part of the canals may be given a cylin- 
drical shape. In roots with a single canal, the api- 
cal part of the canal will usually be ribbon- 
shaped and much wider in a buccolingual direc- 
tion than has generally been assumed. A longi- 
tudinal filing technique, therefore, should be 
used all the way to the working length. It is im- 
portant in these teeth to pay special attention 
to the buccal and lingual walls of the canal be- 
cause of its wide buccolingual diameter. A mas- 
ter point as large as possible (depending on the 
mesio-distal diameter of the canal) is then used, 
but lateral condensation to the working length 
may be necessary in these teeth. 
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Mandibular Canine 





Average length of the tooth: 


25.6 mm 


Number of roots: 


1 (98%); 2 (2%) 


Number of root canals: 


1 (94%); 2 (6%) 


Lateral root canals: 


Infrequent 


Apical root canal delta: 


Infrequent 


Apical foramen 0-1 mm from apex: 


95% 


1-2 mm from apex: 


5% 


Diameter of the root canal 1 mm from apex: 


0.1-0.5 mm 


2 mm from apex: 


0.2-0.6 mm 


3 mm from apex: 


0.2-0.7 mm 


5 mm from apex: 


0.2-1.3 mm 


Recommended apical enlargement: 


40-70 



Fig. 12.13 Diagram of a mandibular canine: Buccal, proximal, and incisal view 



Treatment Guidelines 

The access cavity is prepared with long-shank, 
round burs. The point of entry is the central area 
of the lingual surface, and the bur is held at a 
30° angle to the long axis of the tooth until it 
has penetrated to the pulp chamber. The access 
cavity is then enlarged in an incisal direction to 
facilitate the location of a lingual second root ca- 
nal, which, if present, splits off from the main 



canal in the midroot area and usually joins the 
main canal again 1-5 mm from the apical fo- 
ramen. Only occasionally do the two canals end 
in separate foramina, and two roots in this tooth 
is an infrequent occurrence. Thus, as a rule, the 
second canal does not influence the size and 
shape of the main root canal near the apex 
where the canal has a circular shape and can 
readily be given the shape of a circular apical 
box. 



Mandibular First Premolar 





Average length of the tooth: 25.6 mm 

Number of roots: 1 (98 %); 2 (2 %) 

Number of root canals: 1 (94 %); 2 (6 %) 

Lateral root canals: Infrequent 

Apical root canal delta: Infrequent 

Apical foramen 0-1 mm from apex: 95 % 

1-2 mm from apex: 5% 

Diameter of the root canal 1 mm from apex: 0.1-0.5 mm 

2 mm from apex: 0.2-0.6 mm 

3 mm from apex: 0.2-0.7 mm 
5 mm from apex: 0.2-1.3 mm 

Recommended apical enlargement: 40-70 



Fig. 12.14 Diagram of a mandibular first premolar: Buccal, proximal, and occlusal view 
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Treatment Guidelines 

The access cavity is prepared with long-shank, 
round burs. The point of entry is slightly buccal 
to the central occlusal groove. The crown of the 
mandibular first premolar often tilts in a lingual 
direction so that the occlusal surface has a lingual 
inclination. This must be taken into account du- 
ring access cavity preparation or a buccal root 
perforation may occur. For the same reason, the 
buccal cusp may have to the reduced to allow 
adequate access to the root canals. 

The mandibular first premolar most often has 
one straight root canal from the pulp chamber 
to the apical foramen. Five percent of these teeth 
have two uninterrupted root canals. The orifices 
of the canals are then situated buccally and lin- 
gually on the pulp chamber floor. In 1 5 % of these 
teeth, a second canal branches off from the main 
canal in a buccal or lingual direction in the mid- 
dle or apical area of the root. The occurrence of 
a split root canal is suggested radiographically 
when the image of the canal suddenly decreases 
dramatically in width or seemingly disappears 
(Fig. 12.15). Locating and instrumenting the 
branching second canal may be difficult. A stain- 
less steel K-file with a curved tip should be used 
to probe the root canal wall in the area where 
the split appears to have taken place before any 
instrumentation of the canal is done. If the sec- 




Fig. 12.15 Radiograph of mandibular premolars. A 

split in the root canal in the apical half of the root is 
indicated by the disappearance of the canal in the 
radiograph 



ond canal is located, it should be opened up and 
instrumented first, and the patency of this canal 
should be constantly checked during the instru- 
mentation of the main canal. With regard to 
shape and size of the root canals of the mandib- 
ular first premolar, they can readily be given a 
cylindrical shape apically. 

Mandibular first premolars that have three, 
four, and even five root canals are occasionally 
seen. 



Mandibular Second Premolars 





Average length of the tooth: 
Number of roots: 
Number of root canals: 



21 .5 mm 
1 (100%) 
1 (89%); 2 (10%); 
3(1 %) 
Occasional 
Occasional 
65% 
30% 
5% 



Lateral root canals: 
Apical root canal delta: 
Apical foramen 0-1 mm from apex: 

1- 2 mm from apex: 

2- 3 mm from apex: 
Diameter of the root canal 1 mm from apex: 0.2-0.4 mm 

2 mm from apex: 0.2-0.5 mm 

3 mm from apex: 0.2-0.5 mm 
5 mm from apex: 0.2-0.7 mm 

Recommended apical enlargement in teeth with 1 canal: 40-70 

in teeth with 2 canals: 35-50 



Fig. 12.16 Diagram of a mandibular second premolar: Buccal, proximal, and occlusal view 
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Treatment Guidelines 

The access cavity is prepared as described for the 
mandibular first premolar. The lingual tilt of the 
crown occurs in this tooth as well, although the 
lingual cusp is more developed than in the first 
premolar, reducing the lingual inclination of the 
occlusal surface. A split of the root canal below 



the pulp chamber floor is seen, but much less 
frequently than in the mandibular first premo- 
lar. On the whole, the mandibular second 
premolar is a tooth that gives few endodontic 
problems. The root canal is narrow in the apical 
area of the root and a cylindrical apical box can 
readily be prepared. 



Mandibular Molars 



Mandibular First Molar 




Average length of the tooth: 21 mm 



Number of roots: 
Number of root canals: 

Lateral root canals: 
Apical root canal delta: 



3 (2%); 2 (98%) 
4(7 %);3(80%); 
2(13%) 

Occasional (furcation) 
Frequent (mesial root) 



Fig. 12.17 Diagram of a mandibular first molar: Buccal, proximal, and occlusal view 



Mandibular Second Molar 




Average length of the tooth: 
Number of roots: 
Number of root canals: 

Lateral root canals: 
Apical root canal delta: 



20 mm 

3(1 %);2(84%); 1 (15%) 
4(7 %);3(77%);2(13%); 
1(3%) 

Occasional (furcation) 
Frequent (mesial root) 



Fig. 12.18 Diagram of a mandibular second molar: Buccal, proximal, and occlusal view 
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Mesial Root of Mandibular Molars 

Number of root canals: 1 (1 3 %); 2 (87 %) 

Number of apical foramina: 1 (40 %); 2 (60 %) 

Apical foramina, 0-1 mm from apex: 80% 

1 -2 mm from apex: 20 % 

Diameter of canal, 1 mm from apex: 0.1 5-0.4 mm 

2 mm from apex: 0.2-1 mm 

3 mm from apex: 0.2-1.9 mm 
5 mm from apex: 0.3-2.8 mm 

Recommended apical enlargement: 35-45 



Distal Root of Mandibular Molars 

Number of root canals: 1 (93%); 2 (7%) 

Number of apical foramina: 1 (97%); 2 (3%) 

Apical foramen, 0-1 mm from apex: 65% 

1 -2 mm from apex: 35% 

Diameter of the root canal, 1 mm from apex: 0.25-0.6 mm 

2 mm from apex: 0.25-1 mm 

3 mm from apex: 0.35-1 .8 mm 
5 mm from apex: 0.4-2.6 mm 

Recommended apical enlargement, 1 canal: 60-80 

2 canals: 40-60 



Treatment Guidelines 

The pulp chamber of the mandibular molar is lo- 
cated in the mesial two-thirds of the crown. The 
access cavity is prepared with long-shank, round 
burs and the point of entry is the mesial aspect 
of the central occlusal groove of the tooth. The 
orifice of the mesiobuccal canal is located direct- 
ly underneath the tip of the mesiobuccal cusp, 
and this cusp should be reduced in height, if at 
all possible, to facilitate the locating and instru- 
mentation of the mesiobuccal canal. The mesio- 
lingual canal is located between the lingual cusp 
and the central occlusal groove. In second mo- 
lars, a ribbon-shaped common orifice for the 
two mesial canals may be present. The distal ca- 
nal is located centrally in the tooth slightly distal 
to the buccal groove. When one distal canal is 
present, the floor of the pulp chamber has an ap- 
proximately triangular shape with the three ca- 
nals in the corners of the triangle. A rhomboidal 
shape of the pulp chamber floor either indicates 
a severely ribbon-shaped distal canal or two 
separate canals with their orifices at the distal 
corners of the floor. 



The root canal morphology of the mesial root 
of mandibular molars is extremely irregular and 
quite unpredictable from one tooth to the next 
(Fig. 12.19). If one canal is present, it may be rib- 
bon- or hour glass-shaped and difficult to instru- 
ment. When two canals are present, they are 
usually connected by multiple bridges of tissue 
of varying widths. Also, the apical foramen may 
be ribbon-shaped with a largest diameter which 
is larger than the smallest diameter of the root. 
Still, one or two main root canals can always be 
recognized clinically, and in 40% of the roots, 
they end apically in one apical foramen, mostly 
in the second molar. Careful but determined use 
of Hedstrom files on the buccal and lingual canal 
walls is helpful during the debridement of these 
canals. Also, the mesial wall should be fairly vig- 
orously instrumented with an outer-curve filing 
technique. However, the distal wall of the mesial 
canals must be treated with great care, first, be- 
cause the root in this area is extremely thin, and 
second, because the distal wall borders on the 
inner curve of the canal since this root always 
curves in a distal direction. It is advantageous to 
use nickel-titanium instruments in curved root 
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Fig. 12.19 Radiograph of mandibular molar with 
unusual root canal anatomy. The mesio-lingual and 
the distal root canals meet apically in a joint apical 
foramen 



canals. Because of their flexibility, these instru- 
ments follow the curve and work centered in the 
canal. In spite of the irregularities of the root ca- 
nal system of the mesial root of the mandibular 
molar, the success rate of endodontic treatment 
of this root is excellent. A cylindral apical box 
may be prepared in most instances, and a final 
instrument no. 35 is usually adequate (Fig. 
11.26). 



In contrast to the mesial root, the distal root 
of the mandibular molar has a fairly uniform ca- 
nal morphology. In most instances, one central 
canal with a circular shape apically is present. 
In some instances, the canal is ribbon-shaped 
coronally and it can be difficult with clinical 
means to determine whether the canal contin- 
ues as a single canal to the foramen or whether 
it divides in the apical area. The rule then is that, 
when in doubt, a ribbon-shaped canal should al- 
ways be prepared as if it were two separate ca- 
nals, one distobuccal and one distolingual. Two 
master points are used and inserted from the pe- 
ripheral corners of the canal and the rest of the 
ribbon is filled with accessory points and lateral 
condensation. 

Mandibular Third Molar 

The mandibular third molar is often well devel- 
oped and the information given above for the 
mandibular first and second molars may then be 
utilized for the third molar as well. If the tooth 
has an irregular morphology, modifications in 
technique will have to be introduced as needed 
in the actual clinical situation. 
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13 Endodontic Complications 



Complications not provoked by the operator 
may occur during endodontic treatment. How- 
ever, more often they are the result of deviations 
from the accepted principles of endodontic 



treatment. The most common complications 
that occur during the various phases of endo- 
dontic treatment are discussed below. 



Incomplete Analgesia 



Is is often difficult to obtain complete local an- 
algesia when treating inflamed pulps. The rea- 
son for this appears to be that commonly used 
local anesthetics like lidocaine have an inade- 
quate effect on the C-fibers of the pulp. These 
fibers are activated and participate in the trans- 
mission of pain when the pulp is inflamed. How- 
ever, unlike lidocaine, a local anesthetic like eug- 
enol affects both A- and C-fibers. When applied 
liberally to exposed dentin and left for 1- 
2 minutes, eugenol will in most instances pen- 
etrate into the pulp in concentrations sufficient 
to have an analgesic effect on pain mediated by 
both A- and C-fibers. As a result, the pulp can be 
exposed with minimal pain. However, the effect 
of the eugenol is limited to only a small area of 



the pulp tissue immediately subjacent to the 
cavity. An intrapulpal injection of 0.2-0.4 mL of 
lidocaine or similar is, therefore, given under 
pressure when exposure of the pulp has been 
obtained. The pressure potentiates the effect of 
the drug and adequate anesthesia of the pulp is 
routinely obtained with this technique. 

The intrapulpal injection is rather painful and 
it is important that the patient is informed be- 
forehand about what is going to happen and 
why it is necessary. However, the effect of 
the intrapulpal injection is so profound that 
the patient will soon understand the benefits of 
enduring a short moment of pain when, as a re- 
sult, further treatment is performed without 
symptoms. 



Access Cavity 



It may appear that the majority of operational 
mishaps and complications during endodontic 
treatment either occur during the preparation of 
the access cavity or arise from the fact that the 
access cavity is not given a proper size or form. 
The most common mistake is that the access 
cavity is too small (Fig. 13.1). This leads to en- 
trapment of tissue, especially in the pulp horn 
areas of the crown, and to discoloration of the 
tooth. It also leads to difficulties in locating the 
canal orifices, and canals may readily be missed. 
In addition, if the access opening is not ade- 
quate, the root canal instruments may be im- 



properly guided by the walls of the access cavity, 
increasing the risk of root perforations. Remem- 
ber that the root canal orifices in a tooth with 
more than one canal are in the peripheral cor- 
ners of the floor of the pulp chamber. 

The reduction of cusp height is often beneficial 
in improving access to a root canal. Weak cusps 
should always be cut or reduced, also to prevent 
crown or crown-root fractures. Such fractures 
are often untreatable and in most instances 
could have been prevented if a cusp were cut in 
conjunction with the access cavity preparation. 
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Fig. 1 3.1 a Diagram illustrating the effect of an access cavity that is too 
small. The lingual canal cannot be located and will be missed, b Correct 
access cavity. The root canal orifices are visualized and both canals can be 
instrumented 



Perforations from the Pulp Chamber 



A common complication during access cavity 
preparation is perforation of the root with a bur 
(Fig. 13.2). This usually occurs because the op- 
erator has not studied the dimensions and form 



of the crown and pulp chamber of the tooth and 
the direction of its roots. A good radiograph tak- 
en with the paralleling technique is helpful in 
this regard. 




Fig. 13.2 Radiographs of teeth with 
root perforations with burs during 
attempts to locate root canal orifi- 
ces, a Lateral perforation, b Furca- 
tion perforation. The rubber dam 
has caused the operator to lose his 
sense of direction and it should not 
have been applied until the root 
canal was located. 
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Fig. 1 3.3 Section from a tooth with un- 
successful treatment of a furcation perfor- 
ation. The bone in the furcation area has 
resorbed and granulomatous tissue is pre- 
sent. The inflammation has resulted in the 
development of a periodontal pocket, and 
epithelium has grown down from the sulcus 
and is covering the tissue in the furcation 
(hematoxylin-eosin) 
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Fig. 1 3.4 Radiographs showing treatment of the tooth 
in Fig. 13.2b. a The perforation canal is filled with 
material(s) forming a bacteria-tight seal. The pulp 
chamber is then sealed and the patient is dismissed, 
b The endodontic treatment is completed at the 



second visit when the material in the perforation 
canal has set so that the seal is not disturbed, c One- 
year control. Normal interradicular and periapical 
conditions are observed 



Due to the limited length of the shank of the 
bur, perforations from the pulp chamber will be 
in the cervical area of the tooth, either laterally or 
in the furcation region. The lateral perforations 
should, if at all possible, be exposed surgically 
and restored like a class 5 cavity. A furcation per- 
foration, on the other hand, if restorable, has to 
be repaired from the pulp chamber. In principle, 
the materials that are used for retrograde root 
canal fillings can be used for this purpose, and 
success or failure will depend on whether or not 
it is possible to seal the perforation and to pre- 
vent an infection becoming established in the 
periodontal tissues (Fig. 13.3). Therefore, time is 
of the essence and if a furcation perforation oc- 
curs, it should be repaired immediately. 



The treatment is done aseptically. The pulp 
chamber is cleansed with sterile saline or anes- 
thetic solution and the bleeding is stopped with 
sterile cotton pellets and paper points. A mate- 
rial which gives a bacteria-tight seal is then 
carefully packed into the perforation cavity (Fig. 
13.4). If the opening to the periodontal ligament 
is wide, it is advantageous to pack calcium hy- 
droxide against the periodontal tissues as a ma- 
trix against which the material may be con- 
densed. In this way, the impingement of the ma- 
terial on the periodontium may be somewhat 
limited. When the perforation has been sealed, 
the access cavity is immediately closed and 
the treatment is not continued until a following 
visit. 



Root Perforations 




Apical Perforations 

Root perforations may also occur during the in- 
strumentation of the root canal. They usually oc- 
cur in the apical third of curved roots at the out- 
er-curve aspect of the root (Fig. 13.5). There are 
three main reasons for this perforation: An inad- 
equate access cavity, failure to precurve a rigid 
steel root canal instrument, especially if it also has 



an active tip, and the use of too large an instru- 
ment too quickly to reach the working length. Of- 
ten it is a combination of two or all three of these 
mistakes. However, with the availability of flex- 
ible nickel-titanium instruments with noncut- 
ting tips today, perforations of curved roots for- 
tunately have been greatly reduced. 

When a perforation has been diagnosed, an 
effort has to be made to get back into the root 
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Fig. 13.5 Radiograph of a mandibular molar with apical 
perforation at the outer-curve aspect of the mesial root 
during instrumentation 



canal using a small (no. 8-15), sharply curved K- 
file and liberal amounts of a chelating agent 
(ethylenediamine tetraacetic acid, EDTA). If the 
original canal is found, it is instrumented in the 
normal fashion and is filled, ignoring the perfo- 
ration. Tissue fluids and blood will then fill the 




i 



Fig. 13.6 Section of a tooth with apical root 
perforation. Connective tissue from the periodontal 
ligament has grown into the perforation canal 
(hematoxylin-eosin) 



perforation canal and if a bacterial infection was 
prevented or has been eliminated, will be organ- 
ized to new connective tissue (see p. 99) (Fig. 
13.6). 

However, if the perforation canal is 3 mm or 
longer, it should be filled like a branching root 
canal (Fig. 13.7). This may be extremely difficult. 
An electronic apex locator is useful in such in- 
stances to aid in determining the exact location 
of the root surface. As a basis for the obturation 
attempt, it must be understood that overfilling 
is almost inevitable because of the tubal shape 
of the canal without the slightest indication of 
an apical stop. A gutta-percha point is selected 
which gives some tug back 1 mm from the root 
surface as indicated by the apex locator. The 
gutta-percha point is then marked at an occlusal 
point of reference, taken out, coated sparingly 
with a sealer, and reinserted into the canal to the 
predetermined level. It is immediately seared off 
with a hot K-type instrument at the entrance to 
the perforation canal and smoothed against the 
root canal wall so as not to interfere with the ob- 
turation of the canal proper. 

The treatment approach described above of- 
ten fails because of technical difficulties. At- 
tempts have been made, therefore, to treat root 
perforations long term with calcium hydroxide 
to obtain a hard-tissue barrier at the perforation 
opening (Fig. 13.8). However, for reasons not ful- 
ly understood, a hard-tissue barrier forms less 




Fig. 13.7 Radiograph of a mandibular molar with apical 
perforation at the outer-curve aspect of the mesial 
root. In this instance it was possible to regain access to 
the root canal apicallytothe perforation so that it could 
be instrumented. Perforation canal and root canal were 
then obturated 
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Fig. 1 3.8 a Radiograph of a mandibular 
canine with lateral perforation of the 
root since apicoectomy of the neigh- 
boring lateral incisor, b Following 
treatment with calcium hydroxide for 
26 months, a hard tissue barrier has 
formed, bridging the lateral perforation 
defect 



readily on the lateral aspects of the root than at 
the apical foramen, and a considerably longer in- 
duction period is needed. This method, there- 
fore, will in most instances not be practical. On 
the other hand, a surgical approach may save the 
tooth if the perforation is in an area of the root 
where it can be surgically exposed. A cavity en- 
compassing the perforation opening is then pre- 
pared into the root and filled with materials 



used for obturation of retrograde cavities (Fig. 
13.9). 

Special problems arise if the original root ca- 
nal cannot be renegotiated after the root is per- 
forated. If the perforation has occurred in an 
area 1-4 mm from the apex of a vital tooth, the 
root canal should be instrumented and filled to 
a level 1 mm short of the perforation opening 
(use an apex locator), ignoring the uninstru- 




Fig. 1 3.9 a Radiograph of a maxillary 
premolar with root perforation and 
massive extrusion of root filling 
materials through the perforation 
opening. Retreatment: Intentional 
replantation, b The tooth is carefully 
extracted and immersed in sterile 
physiological saline. cThe extruded 
materials are removed, and a cavity 
encompassing the perforation 
opening is restored with a copal 
varnish and amalgam, d One-year 
control. Normal periradicular 
conditions are observed 
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mented apical part of the root canal. This ap- 
proach may be tried in nonvital teeth as well, but 
here the only chance of success is if the infection 
in the uninstrumented apical part of the root ca- 
nal can be eliminated (Fig. 13.10). In other 
words, the tooth is treated as if the inaccessible 
part of the main root canal were a lateral canal 
inaccessible to instrumentation. Long-term cal- 
cium hydroxide treatment is the method of 
choice in these teeth since calcium hydroxide 
with its continuous disassociation in the tissue 
fluids and its long-lasting antibacterial effect 
renders a most effective influence on bacteria in 



the areas of the root canal system which are in- 
accessible to the instruments. However, this 
treatment approach may be unsuccessful. A sur- 
gical approach with removal of the uninstru- 
mented part of the root is then usually the meth- 
od of choice (Fig. 13.11). 

Lateral Perforations 

As with the apical perforations, a perforation of 
the lateral aspects of the root most often occurs 
because of inadequate access to the root canal 
and, consequently, an improper guidance of the 




Fig. 1 3.1 0 a Radiograph of an endo- 
dontically treated maxillary lateral 
incisor with symptomatic apical 
periodontitis, b During retreatment, 
an apical perforation of the root 
became evident, c Long-term calcium 
hydroxide treatment was initiated, d 
After 6 months, resolution of the 
periapical lesion has occurred. eThe 
root canal was then obturated short 
of the site of the apical perforation 
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Fig. 13.11 a Radiograph of a mandibular molar with 
apical perforation of the mesial root and a fractured 
instrument in the root canal. The root canal apical to 
the perforation could not be negotiated, b The mesial 



root canals were filled short of the perforation opening, 
c The uninstrumented part of the root as well as the 
instrument fragment were removed surgically. A 
retrograde filling was placed 



root canal instruments. Also, the use of rigid 
(steel) instruments in curved roots may lead to 
a straightening of the canal with a strip perfo- 
ration at the inner curve of the root (Fig. 13.12a). 
The strip perforation is, because of its large size 
and irregular shape, an especially serious com- 
plication and commonly leads to loss of the root 
or extraction of the tooth. 

Otherwise, lateral root perforations should be 
treated as described for the perforations in the 
apical area of the root. An effort should always 
be made to regain access to the root canal. If that 
is accomplished, the tooth should be treated in 
the normal fashion (Fig. 13.12b). If the root canal 
cannot be instrumented apically to the perfora- 
tion site, a common approach is to remove the 
perforated root. In the case of a very important 



single-rooted tooth, an attempt may be made to 
surgically expose the perforation area of the root 
and to instrument and obturate the inaccessible 
part of the root canal through the perforation 
opening. However, in most instances such teeth 
will have to be extracted. 

Post Perforations 

Root perforations often occur when preparing 
the space for root canal posts. The reason for this 
mishap most often is that the direction of the 
root is misjudged during the use of large and 
rigid burs to remove gutta-percha and enlarge 
the canal enough to receive the post. 

Post perforations are usually too large to be 
treated from the root canal. If possible they 




Fig. 13.12a Radiograph of a 
mandibular molar with technically 
very inadequate endodontic treat- 
ment. The distal root is underinstru- 
mented and overfilled. The mesial 
root is instrumented short and has a 
large strip perforation at the inner- 
curve of the root to the furcation, 
b Mandibular molar with an extreme- 
ly curved distal root. A lateral perfora- 
tion has occurred at the outer curve 
of the root. The root canal and the 
perforation canal were obturated 
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should be surgically exposed and sealed from 
the outside (Fig. 13.13). The post should be ce- 
mented in the root canal prior to the surgical op- 
eration so that extruded cement may be re- 



Obliterated Root Canal 

Obliteration of the root canal is a common and 
quite annoying occurrence in many teeth in 
need of endodontic treatment. It may be ob- 
served in a rather generalized fashion in elderly 
patients; otherwise it occurs as a sequel to long- 
standing chronic pulpal inflammation or trau- 
matic injuries of the teeth. In luxated and 
avulsed teeth, the obliteration of the root canal 
occurs in an unpredictable and irregular fashion 
as a metaplastic formation of hard tissue 
throughout the revascularized tissue in the ca- 
nal. In other instances, the root canal obliterates 
by apposition of hard tissue on the root canal 
walls, usually leaving a thin string of pulp tissue 
centrally in the canal. It is important to under- 
stand that this string of pulp tissue can be so nar- 
row that it may not be visible in radiographs or, 
in other words, a tooth which appears radio- 
graphically to have a completely obliterated root 
canal clinically may exhibit a patent canal where 
a no. 8 or 10 K-flle can be inserted to the working 
length without any hindrances. In other instanc- 
es, the root canal may be obliterated clinically 
as well, either fully or partially. A partial oblit- 
eration is often found in the orifice area of the 
canal as a result of secondary dentin formation 
to caries, abrasion, or other external irritation, 
but may occur at any level. 



moved and other irregularities corrected. The 
perforation opening should be sealed with a ma- 
terial used for retrograde root filling. 



Fig. 13.13a Radiograph of a mandi- 
bular second premolar with root 
perforation and protrusion of a root 
canal post into periodontal tissues. 

bThe perforation site was surgically 
exposed, the post reduced, and the 
perforation opening sealed with 
amalgam and copal varnish. 
Periradicular repair is evident 



If the obliteration is apical, the canal should 
be instrumented and obturated as far as it is pat- 
ent and no heroic efforts should be made to pen- 
etrate the apical calcified tissue. The prognosis 
for this treatment approach is good (Fig. 13.14). 
If the obliteration is coronal in the canal, the cal- 
cified tissue may be penetrated by an endodon- 
tic explorer or removed by a bur. Burs may also 
be used for a complete penetration of obliterat- 
ed canals in teeth with straight roots. This will 
be required especially in traumatized incisors 
with calcified canals, as about 20% of such teeth 
develop endodontic problems over time. When 
this procedure is planned, the access cavity 
should be larger than normal to allow light to 
enter, and the use of a fiber-optic light is bene- 
ficial as well. If available, a microsope should be 
used. The calcified material in the root canal 
usually is of a different color than primary den- 
tin. It is often darker, but may also stand out be- 
cause it has a glass-like appearance. The differ- 
ence in color is the most important guidance du- 
ring the penetration of a calcified root with a bur. 
In addition, radiographs are taken at different 
angles to ensure that the direction of the drilling 
appears proper. Liberal amounts of a chelating 
agent (EDTA) are used for irrigation and the ca- 
nal is frequently probed with small K-files to as- 
certain whether a canal lumen might be located 
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Fig. 13.14 a Radiograph of a pulpotomized mandi- 
bular molar with apical radiolucency at the distal root. 

b The tooth was retreated, but because of apical 
obliteration, the root canals could not be negotiated to 
the desired apical levels. After 4 weeks of calcium 
hydroxide treatment, the instrumented parts of the 



root canals were obturated, c Ten-month control. 
Resolution of the periapical lesion is observed, in- 
dicating that, in this instance, it was possible to obtain 
a bacteria-free root canal system in spite of what might 
appear to be inadequate instrumentation of the root 
canal 



(Fig. 13.15). If not, the drilling is continued until 
the apical area of the root has been reached. If 
this is not considered possible, teeth with oblit- 
erated root canals may be treated surgically 
with retrograde fillings as a last resort (Fig. 6.30). 
However, it must then be remembered that even 



if a root canal is clinically and radiographically 
obliterated, there will always be necrotic tissue 
in microscopic spaces in the root. This tissue 
may harbor bacteria, and leakage of bacterial 
products may occur in spite of the retrograde 
filling and cause the treatment to fail (Fig. 6.31). 




Fig. 13.15 a Radiograph of mandi- 
bular incisors with symptomatic 
apical periodontitis and obliterated 
root canals, b The root canals could 
be located and instrumented to the 
desired apical levels after initial 
penetration to different levels of the 
roots with round burs run at slow 
speed 



224 13 Endodontic Complications 



Fracture of an Instrument 



If an instrument fractures in the root canal du- 
ring instrumentation, it should be removed if at 
all possible. However, a fracture usually occurs 
because the tip of the instrument is wedged in 
the canal and is twisted off. It is, therefore, in 
general extremely difficult to remove instru- 
ment fragments. The microscope is again of in- 
estimable value in that the fragment usually can 
be seen in the canal (Fig. 13.16). An attempt may 
then be made to work a second instrument 
alongside the fragment. This can be done with 
steel K-files with active tips (Fig. 13.16) or pref- 
erably with special nickel-titanium K-file-like 
instruments which are ultrasonically energized 
(Fig. 13.17). If it has been possible to create space 



next to the fragment, the vibrating action of an 
ultrasonic tip may dislodge the broken instru- 
ment and it will come out with the irrigation so- 
lution used (EDTA). However, sometimes we 
must be content if we can fill the canal adjacent 
to or past the instrument fragment. Unfortu- 
nately, even that will not be possible in many 
instances and the canal is then filled to the 
broken instrument (Fig. 13.18). This may have a 
negative effect on the success rate of the treat- 
ment, especially if the fracture occurs in nonvi- 
tal, infected teeth. Apicoectomy, preferably with 
removal of the fragment through the apical end 
of the root canal and retrograde fillings, may 
then be the treatment of choice. 



Adverse Reactions to Medicaments 




Local Tissue Irritation 

Certain antiseptics used in the root canal, espe- 
cially aldehydes and phenol derivatives, distin- 
guish poorly between bacterial cells and tissue 
cells. They may, therefore, cause a chemically-in- 
duced inflammation in the periapical tissues with 
exudation into the root canal This situation is of- 
ten referred to as a "weeping canal" and is an- 
noying in that the apical part of the canal cannot 
be dried properly. Also, the chemically-induced 
periapical exudation may be mistakenly diag- 
nosed as an infectious apical periodontitis, and 
in order to eliminate the alleged infecting bac- 
teria, steadily stronger medicaments may be 
used. 

Clearly, this will make the situation worse. 
The right therapy is a discontinuation of the use 
of the tissue-irritating antiseptics followed by 
2-3 weeks of calcium hydroxide in the root ca- 
nal. The chemically-induced exudation will then 
have stopped and the root canal can be dried and 
obturated. 

Other medicaments which are safe when used 
correctly may cause severe tissue damage under 
unfortunate circumstances. If the needle gets 
wedged in the root canal during irrigation with 
sodium hypochlorite so that the medicament is 
injected beyond the foramen and into the peri- 



apical tissues, necrosis of the periodontal liga- 
ment, alveolar bone, and even oral mucosa may 
develop (Fig. 13.19). This condition is extremely 
painful, and the patient must be on a moderate 
to strong analgesic regime for several days. Also, 
an antibiotic should be given to prevent an in- 
fection of the damaged tissues. In addition, so- 
dium hypochlorite and especially chloroform 
may cause burns of the gingiva and mucosa if 
there is a leak in the rubber dam during endo- 
dontic treatment. These wounds may look bad 
and be painful, but they are superficial and much 
less serious than the reaction which occurs 
when a toxic medicament is injected beyond the 
apex of the tooth. 

Neurotoxic Reactions 

Neurotoxicity of a medicament or of an active 
ingredient of a material may cause special prob- 
lems in endodontics because a major nerve 
trunk, the mandibular nerve, may be affected to 
such an extent that its function is permanently 
impaired (Fig. 13.20). A large number of reports 
on paresthesia of this nerve exist. Most of the in- 
cidents have occurred after use of root filling 
materials that contain formaldehyde. Formalde- 
hyde is a potent neurotoxin and its neurotoxic 
effect is irreversible. Only in isolated instances 
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Fig. 13.16a Root canal with broken 
instrument photographed through 
microscope. The focus is adjusted so 
that the fragment is in focus. Being 
able to see the fragment makes it 
easier to remove it. b Radiograph of 
a nonvital maxillary premolar with an 
S-shaped root and apical periodon- 
titis. An instrument has fractured and 
the fragment is situated in the apical 
end of the canal, c A second instru- 
ment has been worked alongside the 
fragment and an effort is made to 



create a space next to it. The frag- 
ment may then be loosened and 




Fig. 13.17 a Vibratory tips energized by an ultrasonic come out during this procedure, one of the bland tips 

unit designed for the removal of instrument fragments (that does not remove dentin) may be introduced into 

inside the root canal. The K-file— like instrument to the the canal to vibrate the instrument until it is loose, 

left is used to remove dentin and create space adjacent b Radiograph of maxillary premolar with broken 

to the broken instrument. If the fragment does not instrument in root canal. 
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Fig. 13.17c Instrument fragment 
is removed using vibratory tips in a. 
d Since the fragment could be 
removed, the root canals were 
instrumented and obturated in 
routine fashion 




Fig. 13.18a Radiograph of a 
maxillary incisor with a fragment of a 
lentulo protruding through the apical 
foramen. A slight apical radiolucency 
is evident. The fragment could not be 
removed and the root canal was 
obturated to a level slightly short of 
the radiographic apex, b At the 1 -year 
control, resolution of the apical 
radiolucency is observed. This is an 
example that an instrument 
impinging on the periodontal tissues 
might not have to be surgically 
removed if the mishap occurred at a 
stage of the treatment when the root 
was already bacteria-free 




Fig. 13.19 Tissue necrosis in the oral vestibule 
following inadvertent injection of sodium hypochlorite 
through the apical foramen of the adjacent tooth 



have patients regained nerve function after sur- 
gical removal of excess material contacting the 
nerve. 

Many other substances used in endodontics 
have a certain neurotoxic effect as well. Of the 
medicaments that have a place in modern en- 
dodontics, chloroform and eugenol should be 
mentioned. However, in contrast to formalde- 
hyde, the neurotoxic effect of even high concen- 
trations of these drugs appears to be reversible. 

Allergic Reactions 

Although many substances which are potent al- 
lergens are used during endodontic treatment, 
allergic reactions are extremely rare. The few re- 
ports that exist deal with allergic reactions to io- 
dine (in patients with whom iodine preparations 
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have been used as an intracanal medicament), 
to an epoxy resin root canal sealer, and to eug- 
enol. The reactions are characterized by pain 
similar to that of a flare-up and often by a rash 
which may be generalized or located in the vi- 
cinity of the treated tooth. The therapeutic ap- 
proach is to remove the medicament or material 
and thoroughly irrigate the root canal and fill it 
with calcium hydroxide. The reaction will then 
quickly subside. 

Only one report on an allergic reaction to eug- 
enol or a eugenol-containing material has been 
published. This is rather astonishing since eug- 
enol is known to be a potent allergen and con- 
ceivably hundreds of millions of root canals have 
been filled using eugenol-containing sealers. 
However, the reaction we are discussing here is 
contact allergy, and the contact area between the 
root filling materials and the periapical tissues 
is of course minute. On the other hand, when 
zinc oxide and eugenol-containing pastes are 




Fig. 13.20 Radiograph showing root canal filling ma- 
terial in mandibular canal after endodontic treatment 
of a mandibular second molar. The material contained 
formaldehyde and the patient has paresthesia of the 
lower right lip area 

used as, for instance, periodontal packs in con- 
tact with larger areas of exposed tissue, allergic 
reactions to eugenol are not uncommon. 



Overfilling of the Root Canal 



Overfilling of the root canal has taken place 
when the materials used for obturation of the 
canal impinge on the periodontal tissues. The 
materials in the tissue will have an irregular 
form and may mechanically cause an inflamma- 
tory reaction. Also, macrophages will try to re- 
move the material or at least smooth off the 
sharp edges to eliminate the mechanical irrita- 
tion. In addition, any toxic or allergenic influ- 



ences of a material intended for use in the root 
canal are potentiated because of the increased 
tissue-material contact outside the canal. 

The inflammatory reaction caused by a mate- 
rial is often visible radiographically as a narrow 
radiolucent zone develops around the material. 
However, if reasonably biocompatible materials 
are used, in most instances they will heal in (Fig. 
13.21). Especially gutta-percha is well tolerated 




Fig. 13.21 a Radiograph of a mandi- 
bular canine with apical periodon- 
titis. The root canal has been obtura- 
ted with a soft gutta-percha 
technique and gutta-percha has 
been extruded beyond the apical 
foramen, b At the 3-year control, 
resolution of the periapical lesion is 
evident. The extruded material has 
healed into the periapical tissues 
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Fig. 13.22 a Radiograph of a mandibular premolar. The 

root canal was obturated with a soft gutta-percha 
technique and extrusion of material beyond the apical 
foramen has occurred, b At the 6-month control, apical 



resorption of the root is observed, c Following 
apicoectomy and removal of the material in the tissue, 
periapical healing has occurred 



by the tissues, and the sealers, which may be tis- 
sue irritating, usually dissolve or are resorbed. 
Occasionally overfilling may cause long-lasting 
symptoms or paresthesia. Surgical removal of 
the material may then be attempted. Similarly, 



if root resorption is seen in conjunction with 
overfilling of the canal, an apicoectomy with re- 
moval of the material may be the treatment of 
choice (Fig. 13.22). 



Vertical Root Fractures 



Teeth with vertical fractures of the root with 
communication between the oral cavity and the 



periodontium cannot be treated permanently 
and must be extracted (Figs. 2.34, 13.23). Many 




Fig. 13.23 a Radiograph of a mandibular molar with 
periradicular radiolucencies because of a vertical 
fracture of the tooth, b The extracted tooth with 
granulation tissue in the furcation, c The vertical 



fracture in the mesiodistal plane as seen in the 
extracted tooth has served as a portal of entry for 
bacteria to the periodontal tissues 
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heroic methods have been tried to save such 
teeth, for instance extracting them, gluing the 
two halves together with a variety of glues and 
cements, and then replanting them in the sock- 
et. However, the seal is quickly broken and the 
fracture line will again be a major portal of entry 
for saliva and oral microorganisms. For shorter 
periods of time, i. e., for a few months, teeth with 
vertical fractures may be kept in the mouth 
without symptoms by packing calcium hydrox- 



ide into the root canal. The long-lasting antibac- 
terial effect of calcium hydroxide and its contin- 
uous and slow dissolution into the fracture line 
is beneficial in that it prevents ingrowth of bac- 
teria. However, when the calcium hydroxide 
paste is washed out, it must be renewed or an 
exacerbation will soon occur. Thus, as indicated 
above, a permanent approach to the treatment 
of this condition is presently not available. 
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14 Endodontic Retreatment 



As discussed above, the results of endodontic 
treatment are influenced by a number of biolog- 
ical and technical factors like diagnosis, root ca- 
nal morphology, root canal instrumentation and 
obturation, and complications during the treat- 
ment. Still it should be understood that the un- 
derlying reason for failure usually is infection 
and the influence of bacteria and bacterial com- 
ponents and products on the periapical tissues. 
Thus, in a study of 60 root filled teeth which 
were extracted because of apical periodontitis, 
bacteria were found in the root canal of all teeth 
(Fig. 14.1). This finding stresses the importance 
of obturating the root canal bacteria-tight at all 
levels and also that the root filling should be 
protected by a solid, well-fitting coronal resto- 
ration. The lack of healing after endodontic 
treatment may also be due to extraradicular in- 
fection that might not respond to conventional 
treament. 

The goal of endodontic retreatment is the same 
as for primary treatment, namely to obtain a 
bacteria-free tooth with a bacteria-tight root 
filling and an adequate coronal restoration so 
that healing may occur and reinfection is pre- 
vented. About two-thirds of retreatment cases 
will heal after renewed conventional treatment. 
Of the latter, one third of which mostly compris- 




Fig 14.1 Inadequately root filled tooth with large 
bacterial colony and plaque between root filling 
material and root canal wall 



es treatment-resistant or refractory cases, again 
about two thirds will heal following surgical- 
endodontic treatment. In addition, the success 
rate in this group may be improved by adequate 
systemic antibiotic treatment, preferably fol- 
lowing identification of the infecting bacteria. 



Indications for Retreatment 




Root Filled Teeth with Apical Periodontitis 

Epidemiological studies have shown a clear cor- 
relation between the technical standard of the 
root filling and the periapical condition of root 
filled teeth. Thus, whereas 80-90% of teeth with 
adequate root fillings have a normal apical per- 
iodontium, only about 50% of teeth with inade- 
quate root fillings have a normal periapex. There 
is no reason to expect that healing of an apical 
periodontitis occurs if the root filling does not 
provide an adequate seal of the root canal. Teeth 
with a technically inadequate root filling and a 



persisting apical periodontitis should therefore 
be retreated (Fig. 14.2). 

If the root filling, as seen radiographically, is 
technically adequate, an apical periodontitis will 
usually resolve within a period of 2-3 months to 
3-4 years. It is unlikely that a lesion that has not 
healed after 4 years will heal in the future. Per- 
sisting infection will have to be suspected and 
if pathways of infection like a vertical fracture 
or a deep periodontal pocket are not diagnosed, 
chances are that there is coronal leakage or an 
extraradicular infection and the tooth should be 
retreated endodontically. If treatment failure is 
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Fig 14.2 a Radiograph of a mandibular molar with 
inadequate root filling and asymptomatic apical 
periodontitis, b The tooth has been retreated 



conservatively through the crown, c Complete 
periapical repair is evident at the 6-month control 



diagnosed sooner than at the 4-year control, the 
retreatment should of course be carried out as 
soon as the failure is evident. 

Teeth without apical periodontitis that ap- 
pear to have been treated technically adequately 
may also fail, and an apical periodontitis may 
develop (Fig. 6.14). These teeth should be re- 
treated immediately. 



Root-Filled Teeth with Normal Apical 
Periodontium 

Teeth with inadequate root fillings but without 
clinical or radiographic signs of periapical in- 
flammation represent a problem group. A cer- 
tain percentage of these teeth will fail every 
year, and in reality all teeth in this group are 
candidates for retreatment (Fig. 14.3). However, 
there is no immediate urgency in treating these 
teeth that have no signs of disease and the treat- 




Fig. 14.3 a Radiograph of a man- 
dibular canine with root filling 
material in the coronal half of the 
canal. No periapical inflammation 
is evident, b The tooth is retreated 
endodontically in conjunction with 
renewing the coronal restoration 
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ment can be done over time and if possible when 
it is convenient for the patient. Often it will be 
practical to carry out the endodontic retreat- 
ment in conjunction with renewing a coronal 



restoration. Clearly the patient has to be made 
aware of the situation, and regular clinical and 
radiographic controls are necessary. 



Retreatment 



Before beginning retreatment of a tooth where 
the primary treatment has failed, it is important 
to try to find out the reason why it failed: Is the 
coronal restoration inadequate or lost? Has a 
root canal been missed? Is the root canal inad- 
equately instrumented? Is the root filling inad- 
equate? Is the problem extraradicular infection? 
If clear technical deficiencies with the primary 
treatment are evident, chances are good that the 
retreatment will be successful (Fig. 14.2). 

Many of the technical problems that arise 
during endodontic treatment are due to lacking 
or poor access to the root canals. The access cav- 
ity may have been too small or even placed 
wrongly in the tooth. The retreatment therefore 
begins with creating coronal conditions so that 
adequate access to the root canals may be 
gained. 

By far the most root filled teeth today are ob- 
turated with gutta-percha and a sealer. If the 
quality of the root filling is really poor, it may 
be removed by means of an instrument, for ex- 
ample, a Hedstrom file. If this is not possible, the 
safest method is to use an organic solvent like 
chloroform to soften the gutta-percha and then 
remove it with hand files or (carefully! ) with en- 
gine-driven, rotary nickel-titanium instruments 
that are flexible and with a rounded tip so that 
they follow the root canal well. It will usually 
be necessary to apply a drop of chloroform to 
the root canal a couple of times during the pro- 
cedure. 

When the root filling has been removed, the 
treatment continues following the guidelines for 
treatment of nonvital teeth as described in 
Chapter 6. It is important to remember that 
when the primary treatment has failed, in all 
likelihood it is because of problems with infec- 
tion. During retreatment it is therefore impor- 
tant to be extra careful with asepsis and extra 
vigorous with the antimicrobial treatment. The 
root canal should be instrumented wide, espe- 
cially apically, and liberal amounts of sodium 



hypochlorite should be used for irrigation dur- 
ing and after the instrumentation. The instru- 
mentation phase of the treatment is concluded 
with a final rinse of the canal with 1 0 mL ethyl- 
enediamine tetraacetic acid (EDTA). This will re- 
move the smear layer from the root canal wall 
and hopefully instrumentation debris from root 
canal deltas and side canals so that an intracanal 
antimicrobial medicament might have as good 
an effect as possible. 

Like primary treatment of nonvital teeth, re- 
treatment of failed cases routinely is performed 
in two visits. This is done to provide the oppor- 
tunity to carry out an effective antimicrobial 
treatment of the root canal system and the root 
dentin for a period between the two visits. This 
is best done by using the long-term calcium 
hydroxide method. The calcium hydroxide-sa- 
line paste is then left in the root canal for 
2-3 months. After this time there will usually be 
clinical and radiographic signs of healing or the 
periapical lesion might have healed (Fig. 6.9). 
The root canal is then obturated bacteria-tight 
and a well-sealing temporary filling is inserted 
in the access cavity. 

Treatment-Resistant Cases 

If the criteria for root filling are not met at the 
second visit, one must evaluate whether local 
treatment of the tooth has been optimal. If the 
answer is yes, the lack of response to the treat- 
ment may be due to extraradicular infection. 
Studies have shown that even 6 months of cal- 
cium hydroxide in the root canal have minimal 
effect in many of these cases. Systemic antibiotic 
treatment then appears a logical next step (Fig. 
14.4). As discussed above, many oral bacteria 
have developed resistance against certain anti- 
biotics. The type and sensitivity of the infecting 
bacteria should therefore be determined if at all 
possible so that an effective antibiotic may be 
selected. If bacterial identification is not carried 
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Fig. 14.4 a Postoperative radio- 
graph of mandibular canine with 
apical periodontitis. The root 
canal was obturated after 
instrumentation and 3 weeks of 
calcium hydoxide treatment, 
b After 5 weeks the patient 
returned with an extraoral fistula 
near the chin. Retreatment was 
begun. The root filling was 
removed and calcium hydroxide 
was introduced into the canal. 
After 3 months the fistula had 
not closed. Bacterial samples 
were then taken from the root 
canal and the fistula and, in 
accordance with the 
microbiological dignosis, the 
patient was given penicillin plus 
metronidazole for 1 0 days, 
c During this period the fistula 
closed. The calcium hydroxide 
treatment continued, d After 
another 3 months the periapical 
lesion had healed and the root 
canal was obturated 



out, penicillin is still the drug of choice in the 
treatment of endodontic infections. In difficult 
cases it may be combined with metronidazole, 
which has an especially good effect on anaerobic 
bacteria. Clindamycin is another effective anti- 
biotic against these infections. Clindamycin may 
also be used in patients with penicillin allergy. 

In long-standing infections with fistulous 
tracts and leakage through the root canal, enter- 
ic bacteria and bacteria from the environment 
may be present in the endodontic lesion. These 
so-called superinfections will as a rule not re- 
spond to the antibiotics normally used. Howev- 
er, if the type and sensitivity of the nonoral 
bacteria can be determined, the "correct" anti- 
biotic may be selected and the lesion may heal 
(Fig. 14.5). 



Surgical Retreatment 

Surgical removal of the periapical lesion may be 
effective retreatment of refractory cases (see 
p. 125). In addition to the lesion, 1-3 mm of the 
root tip with the apical delta is removed. If the 
infecting bacteria then are mainly eliminated, 
the lesion may heal (Fig. 6.33). However, all bac- 
teria are most certainly not removed from the 
periapical area with this method and the treat- 
ment may also fail. The success rate of surgical 
retreatment is greatly improved by combining it 
with systemic antibiotic treatment as discussed 
above. 

Thus, it is clear from the above that effective 
antimicrobial treatment has to be part of endo- 
dontic retreatment in all instances, regardless of 
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Fig. 1 4.5 a Gutta-percha point in fistula in vestibule near 
maxillary left central and lateral incisors. The fistula has 
persisted for 8 years during which time the patient has 
been apicoectomized six times. In addition, the lateral 
incisor is extracted, b The fistula now seems to originate 
from the central incisor. Bacterial samples from the 
fistulous tract showed pure culture of Pseudomonas 
aeruginosa. Ciprofloxacin was given for 4 weeks. cThe 
fistula closed during this period and at the 2-year control 
the fistula stayed closed and the patient was free of 
symptoms 



the method used. The clinical situation will have 
to decide whether the antibacterial treatment 



should be carried out locally in and at the tooth 
or by using a combined local/systemic approach. 
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75 Bleaching of Discolored Teeth 



Discoloration of the teeth, especially the anted- the teeth, although the success of bleaching 
or teeth, may become a serious aesthetic prob- therapy is strongly dependent on the nature of 
lem. The problem may be corrected by bleaching the discoloration. 



Discoloration of Teeth 




Vital Teeth 

Secondary mineralization. Obliteration of the 
pulp chamber and the tubules of the coronal 
dentin may occur especially after concussion 
and subluxation injuries of the teeth. The in- 
creased mineralization leads to a loss of trans- 
lucency of the crown with a yellowish-brownish 
discoloration. Most often, this type of discolor- 
ation is mild and aesthetically not very disturb- 
ing. In photographs, however, these teeth may 
appear dark and it is often because of this that 
a patient seeks treatment. 

Enamel defects. In teeth with enamel hypo- 
calcifications and hypoplasia, the enamel has 
defects and may be porous. Stains are readily 



taken up from the oral cavity in the defective ar- 
eas, and in teeth with severe anomalies (amel- 
ogenesis imperfecta) the results may be aesthet- 
ically very disturbing. Severe discolorations are 
also seen in patients who have been exposed to 
excessive amounts of fluoride during tooth for- 
mation (Fig. 15.1). Excessive fluoride intake 
causes disturbances in the mineralization of the 
dental tissues, resulting in localized, or in severe 
cases, generalized porosities and defects in the 
enamel. 

Systemic drugs. The administration of sys- 
temic drugs during tooth formation may cause 
tooth discoloration and severe aesthetic prob- 
lems. The most dramatic example of this is tet- 
racycline staining of teeth. The teeth may be yel- 




Fig. 1 5.1 a Patient with brown discoloration of the teeth due to generalized fluorosis, b Removal of discolorations 
is observed following vital bleaching therapy 
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low to yellowish-brown or light to very dark 
gray, depending on the type of tetracycline used. 
The discoloration is due to the drug binding to 
the hydroxyapatite crystals of the area of the 
tooth which is being formed during the time of 
the administration of the drug. Because of the 
age of a child when the incisors are formed, tet- 
racycline discoloration affects the dentin more 
than the enamel. Tetracycline discoloration of 
teeth is a phenomenon well known to physi- 
cians today and the use of this drug in pregnant 
women and children under 8-9 years of age has 
virtually stopped. 

Other substances, for example, iron, are 
known to cause a certain discoloration of teeth. 
However, today this is seen extremely rarely and 
is not a clinical problem. 

Nonvital Teeth 

Pulp necrosis. Necrotic tissue is a major cause 
of tooth discoloration (Fig. 15.2). Breakdown 
products from tissue and especially from blood 
infiltrate the dentinal tubules and give the tooth 
a brownish-gray discoloration. Sometimes the 
discoloration may be very dark, almost bluish- 
black. Apparently this is due to the formation of 
an iron sulfide compound in the tubules with 
iron deriving from the hemoglobin of the blood 
and the sulfur from bacterial products. It is im- 
portant to meticulously remove all necrotic pulp 
tissue during endodontic treatment. For in- 
stance, the pulp horns are easily overlooked and 
necrotic tissue left behind in these areas where 
the tooth is especially thin will inevitably lead 
to discoloration. 

Endodontic medicaments and materials. 
Certain medicaments and materials used in en- 
dodontic treatment may lead to tooth discolor- 
ation. The worst offenders like silver nitrate and 
silver-containing root canal sealers should be 
only of historical interest. However, all endo- 
dontic materials have to be meticulously re- 
moved from the pulp chamber when the root ca- 
nal has been filled, as they will at least decrease 
the translucency of the tooth. Also, many mate- 
rials, like zinc oxide-eugenol cements, have a 
tendency to darken over time when influenced 
by light through the enamel and dentin of the 
tooth. 

Restorative materials. Of the restorative ma- 
terials, the different amalgams may cause tooth 




b 



Fig. 15.2 a Severe bluish-black discoloration of a 
maxillary left central incisor with necrotic pulp. The 

discoloration is caused by breakdown products from 
tissue and blood penetrating into the dentinal tubules, 
b Excellent aesthetic results following endodontic 
treatment, bleaching, and restoration of the access 
cavity with the acid-etch resin technique 




Fig. 1 5.3 Maxillary molar with a large MOD amalgam 
restoration. A grayish-bluish discoloration of the entire 
tooth can be seen 
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discoloration (Fig. 15.3). The dentin in contact 
with the restoration and sometimes the entire 
crown of the tooth may turn bluish-gray. From 
an aesthetic point of view, this is an especially 
displeasing color, and amalgam restorations 
should never be used in anterior teeth. Thus, it 
follows that lingual access cavities for root canal 
treatment should not be obturated with amal- 
gam fillings. This will inevitably lead to discol- 
oration of the tooth and logically, but mistaken- 
ly, the patient will relate the discoloration to the 



endodontic treatment. Amalgam discolorations 
are difficult to correct with bleaching proce- 
dures. 

Discoloration of teeth in conjunction with fill- 
ing materials are otherwise seen with marginal 
leakage and the penetration of staining sub- 
stances from tobacco, coffee, tea, red wine, etc. 
into the dental tissue. The use of the acid-etch 
technique with resin-type restorations has 
greatly reduced this type of discoloration. 



Bleaching of Endodontically Treated Teeth 




Preparation for Bleaching 

If at all possible, a photograph of the patient's 
teeth should be taken prior to the bleaching pro- 
cedures (Fig. 15.2). The periapical condition of 
the tooth and the technical quality of the root 
canal filling are then ascertained radiographical- 
ly. If the root canal is not adequately obturated, 
retreatment is absolutely necessary, as gases re- 
leased during the bleaching procedures may 
otherwise penetrate into the periapical tissues 



and cause pain and a flare-up— like situation. .All 
fillings in the crown of the tooth are removed, as 
are possible areas of severely discolored dentin, for 
example, in the pulp horns. The root canal filling 
is reduced to a level 1-2 mm apical to the canal 
orifice and preferably below the level of the gin- 
gival margin, and the gutta-percha is covered 
with a layer of resin-reinforced zinc oxide-eug- 
enol cement to provide an additional seal of the 
root canal (Fig. 15.4). Vaseline is then applied to 
the gingival tissues of the tooth to be treated and 




Fig. 1 5.4 Diagram illustrating bleaching procedures in 
endodontically treated teeth, a The root filling is 
reduced to a level below the gingival margin. All tooth 
surfaces are acid-etched to make the tooth as pervious 
to the bleaching agent as possible. Hydrogen peroxide 
is applied by means of cotton pellets to all tooth 
surfaces. A heat or light source is used to obtain oxygen 
release, b Walking bleach method. Sodium perborate 



mixed with hydrogen peroxide is sealed into the access 
cavity by means of a resin-reinforced zinc oxide- 
eugenol cement, c Restoration of the tooth following 
bleaching. All tooth surfaces are again acid-etched and 
a light-cured unfilled resin is applied. The access cavity 
is then restored with a composite resin. Sometimes a 
very light or pink resin in the access cavity may give the 
best aesthetic results 
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to adjacent teeth. This will help protect the tis- 
sue from the bleaching agent. The discolored 
tooth is then meticulously isolated with a rubber 
dam and ligated with a waxed dental floss. As 
always, the rubber dam should cover the pa- 
tient's nose. 

The tooth is then thoroughly sprayed with 
water and dried with compressed air. A final in- 
spection is carried out and, if necessary, a round 
bur no. 2 is used to remove remnants of mate- 
rials and severely discolored dentin and other- 
wise to freshen up the walls of the access cavi- 
ty. The entire tooth is then acid-etched for 
60 seconds using a 37 % phosphoric acid gel. The 
gel is placed liberally on the dentin walls of the 
access cavity as well as on the buccal and lingual 
enamel surfaces to remove smear layers and 
otherwise make the tooth as pervious to the 
bleaching agent as possible. The phosphoric acid 
is rinsed away with copious amounts of water 
and the tooth is meticulously dehydrated with 
compressed air, absolute alcohol, and chloro- 
form. The actual bleaching procedure may then 
begin. 

Bleaching Agents 

The bleaching is performed with oxidizing 
agents: 3 % hydrogen peroxide is commonly used. 
Hydrogen peroxide is readily destabilized with 
heat or light or a combination of the two, and 
oxygen is released. A special device to heat the 
hydrogen peroxide in a controlled fashion to the 
desired temperature level (about 40 °C) is com- 
mercially available, as are heat lamps that com- 
bine the effects of heat and light. Also, the fiber- 
optic light sources used for polymerization of 
light-cured resins may be used with advantage. 

Sodium perborate is another powerful oxidiz- 
ing agent. It is stable in powder form, but when 
mixed with water will release hydrogen perox- 
ide and oxygen. Sodium perborate mixed with 
3% hydrogen peroxide to a paste is therefore 
used for bleaching purposes, sealed into the ac- 
cess cavity of the tooth between two dental vis- 
its (Fig. 15.4). This is called the walking bleach 
method and is quite effective. The fact that a gas 
forms when the walking bleach method is used 
can readily be verified clinically if too weak a 
material (e. g., a paste of zinc oxide and eugenol) 
is used to seal in the sodium perborate-hydro- 
gen peroxide mixture in the access cavity. When 



the patient returns for the second visit, numer- 
ous point-size holes will be evident in the tem- 
porary filling where the gas has escaped. Also, 
as mentioned above, if the root canal filling does 
not adequately seal the canal, the gas may es- 
cape to the periapical area causing tenderness to 
percussion and periapical pain. 

Bleaching Procedures 

After acid-etching, rinsing, and drying of the 
tooth, cotton pellets soaked in 3 % hydrogen per- 
oxide are applied to all surfaces of the tooth, in- 
cluding the pulp chamber and the access cavity, 
as well as the buccal and lingual enamel surfaces 
(Fig. 15.4). Heat or light is then applied. If a heat 
lamp is used, it is held at a certain distance from 
the wet cotton pellets. The distance will depend 
on how hot it is. However, if a hot instrument is 
used, it must be brought in contact with the cot- 
ton pellets on all surfaces ot the tooth. The cot- 
ton pellets are kept constantly wet by careful but 
continuous application of hydrogen peroxide 
with closed cotton pliers. When light activation 
is used, the procedure should continue for 10- 
20 minutes. A hot instrument should be used 
four to five times in the pulp chamber as well 
as four to five times on each external surface of 
the tooth. 

In most instances, a one-visit bleaching will 
not be sufficient to reach the desired result. It is 
practical, therefore, to continue the treatment 
with the walking bleach method. A paste of so- 
dium perborate and 3% hydrogen peroxide is 
then mixed and inserted into the access cavity 
of the tooth (Fig. 15.4). The pulp chamber and 
the buccal aspect of the access cavity should be 
filled with the paste, leaving enough space lin- 
gually for an adequate 2-3-mm-thick temporary 
restoration. A resin-reinforced zinc oxide-eug- 
enol cement is usually adequate, but a bonded 
composite resin restoration may be preferable if 
the loss of tooth substance is severe. 

The patient's next appointment should be in 
about 1 week. If the color of the tooth is then sat- 
isfactory, the tooth is restored (Fig. 15.4). If not, 
the bleaching may continue as described for the 
first visit or, just as practical, with a second pe- 
riod of walking bleach. As a rule, one to three 
visits will give a satisfactory result. If after the 
third visit little or no improvement is evident, 
the bleaching therapy should be discontinued. 
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Restoration of the Bleached Tooth 

The purpose of the restoration is to replace lost 
tooth substance and to strengthen the tooth, but 
also to seal all surfaces of the tooth so that the 
good aesthetic results obtained by the bleaching 
procedure may become as permanent as possi- 
ble (Fig. 15.2). The temporary filling and the so- 
dium perborate are meticulously removed and 
the access cavity carefully cleansed. The tooth is 
then acid-etched, (including the pulp chamber, 
the access cavity, and the enamel surfaces) and 
is restored with a composite resin technique 
(Fig. 15.4). An unfilled resin is first applied to the 
walls of the access cavity. Compressed air is 
carefully used to force the resin into the exposed 
dentinal tubules and the resin is light-cured for 
at least 60 seconds. Knowing that the resins cur- 



rently available darken somewhat over time, a 
lighter composite resin than suggested by the 
shade of the tooth is then used to fill the pulp 
chamber and the internal aspects of the access 
cavity. A resin of the correct shade is obviously 
used for restoration of visible cavities. Finally, an 
unfilled resin is again used to paint the external 
enamel surfaces of the tooth. The unfilled resin 
will penetrate into the pits of the enamel result- 
ing from the acid-etching, sealing the surfaces 
against influences from the oral environment as 
much as possible. Clearly, the resin on the sur- 
face of the tooth will disappear over time from 
tooth-brushing and wear and tear. However, 
resin tags will fill the pits of the enamel for some 
time and add to the external seal of the tooth 
until the surface is remineralized. 



Bleaching of Vital Teeth 

Bleaching of vital teeth is a much more doubtful 
and less predictable procedure than bleaching of 
endodontically treated teeth. In general it can be 
said that if the discoloration occurs in the enam- 
el and is not too severe, the condition may be 
improved by bleaching. Dentin discolorations, 
on the other hand, are extremely difficult to in- 
fluence with an external approach and in most 
instances an apparent improvement due to 
bleaching turns out to be a temporary success. 

Bleaching of Teeth with Enamel Defects 

Hypoplasia. Teeth with stained hypoplastic 
enamel pits most often should not be bleached. 
Even if a bleaching procedure might have an ef- 
fect, the hypoplastic defects will soon have 
picked up staining substances again. A more per- 
mament treatment is to clean out the enamel 
pits with a round bur no. 1 -2, acid-etch the clean 
defects, and fill them using the acid-etch com- 
posite resin technique to create a smooth 
surface. 

Fluorosis. Discolored teeth due to fluorosis, 
on the other hand, my lend themselves better to 
a bleaching therapy (Fig. 15.1). Vaseline and a 
rubber dam are applied as discussed above and 
the discolored areas are etched with 37% phos- 
phoric acid for 60 seconds. The tooth is rinsed 



with water and the enamel surface dehydrated 
with alcohol and chloroform. Cotton pellets with 
3 % hydrogen peroxide are then repeatedly ap- 
plied to the stained areas, and heat or light ac- 
tivation of the medicament is carried out for 10- 
20 minutes. In some instances it may be benefi- 
cial to use a fine sandpaper disk or a finishing 
bur to remove carefully the surface layers of the 
discolored enamel in conjunction with the 
bleaching procedures. When the stains have 
been removed or the result is considered opti- 
mal, the treated areas of the tooth surface are 
again etched with phosphoric acid and an un- 
filled resin is applied to seal the porous enamel 
in order to prevent future discolorations as 
much as possible. 

Bleaching of Teeth with Dentin 
Discolorations 

The main reason for dentin discoloration in the 
last generation has been systemic use of tetracy- 
cline. Fortunately, this problem has virtually dis- 
appeared in recent years and a rather heroic, but 
in the long-term ineffective, method of external 
bleaching of such teeth using 30% hydrogen per- 
oxide and strong heat (> 52 °C) will not be dis- 
cussed in detail here. More lasting results have 
been reported by bleaching tetracycline-stained 
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teeth subsequent to endodontic treatment, since 
this allows direct access to the discolored dentin 
through the endodontic access cavity. However, 
this may be characterized as a heroic approach 
as well in that all anterior teeth will be discolor- 
ed and in need of endodontic treatment prior to 
bleaching. Probably a more acceptable treat- 
ment approach for the very few patients en- 
countered today with this kind of tooth discol- 
oration would be to use a porcelain veneer- 
bonding technique to achieve the desired aes- 
thetic results. 

Teeth which are discolored because of exces- 
sive mineralization of the coronal dentin and sec- 



ondary dentin formation in the pulp chamber may 
be lightened only following endodontic therapy. 
The calcified material filling the pulp chamber 
and the pulp horn areas of the tooth is then re- 
moved and the access cavity is restored with a 
light resin to further improve the result. If this 
is regarded as an acceptable method for hyper- 
mineralized teeth but less so for tetracycline- 
stained teeth, it is simply because discoloration 
due to hypermineralization is mostly seen in a 
single tooth whereas tetracycline discoloration 
afflicts all teeth. 

External bleaching has no appreciable effect 
on teeth with hypermineralized coronal dentin. 
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16 Restoration of Endodontically Treated Teeth 



Endodontically treated teeth are usually weak 
because of loss of tooth structure due to caries 
restorations, access cavity preparation, and nec- 
essary and unnecessary flaring of the root canal 
in the cervical area of the teeth. Also, loss of 
moisture in the dentin of these teeth allegedly 
results in a decreased resilience which has been 
associated with increased likelihood of fracture. 
Often so much of the coronal tooth structure is 



lost that it becomes necessary to use the root to 
obtain the required retention for a restoration, 
usually in the form of a root canal post. Thus, en- 
dodontically treated teeth may present with two 
main problems when a restoration is considered, 
i. e., a reduced strength of the remaining tooth 
structure and how to obtain the necessary reten- 
tion for the restoration. 



Strengthening of Endodontically Treated Teeth 




Intracoronal Restorations 

A root canal post is sometimes used with the 
purpose of strengthening a nonvital tooth. This 
is inappropriate. The preparation of a post space 
will significantly weaken a tooth, and no known 
method of restoration will strengthen the tooth 
sufficiently to match its previous resistance to 
fracture. 

Thus, a post space should not be prepared in an 
endodontically treated tooth if this is not abso- 
lutely necessary and a root canal post should only 
be used when needed for retention of a coronal 
restoration. 

The most effective method for strengthening 
endodontically treated teeth in most clinical sit- 
uations is the acid-etch resin technique. When 



dentin is acid-etched, the smear layer as well as 
the highly mineralized peritubular dentin near 
the etched dentin surface are removed. This 
leaves a clean dentin surface with wide open 
dentinal tubules (Fig. 16.1). An unfilled resin is 
then first applied to the acid-etched surface and 
by means of careful use of compressed air is 
forced to penetrate into the exposed tubules, re- 
sulting in numerous resin tags inside the dentin 
(Fig. 16.2). When a filled resin then is used to 
complete the restoration, it not only fills the cav- 
ity, but will, because of the resin tags in the tu- 
bules, "hold the tooth together" and increase its 
strength and resistance to fracture significantly 
(Fig. 16.3). If a metallic restoration is required, 
the orifice areas of the root canals and the pulp 
chamber are acid-etched and restored with resin 




Fig. 1 6.1 Scanning electron micrograph of an acid- 
etched dentin surface. The lumina of the dentinal 
tubules may effectively be used for retention of resin 
restorations 



Strenghtening of Endodontically Treated Teeth 243 



as described above. The gold inlay or the amal- 
gam filling is then placed in the tooth with the 
resin as the base (Fig. 16.4). This combined res- 
toration has a strengthening effect the same as 
if the entire cavity were restored with the acid- 
etch resin technique. The type of composite res- 
in used in these intracoronal restorations is of 
little consequence for the strength of the tooth 



since it is the unfilled resin that penetrates the 
dentinal tubules or, for that matter, the enamel 
pits if portions of the enamel are included in the 
retentive area. The acid-etch resin technique may 
be used with advantage in all endodontically 
treated teeth where an intracoronal restoration is 
planned either to completely restore the tooth or 
to fill the pulp chamber and part of the cavity, 




Fig. 1 6.2 Scanning electron micrograph of resin-dentin 
interface. The tooth has been dissolved with nitric acid 
and sodium hypochlorite, exposing the tags of resin that 
were inside the dentinal tubules. A restoration retained 
in this way will greatly strengthen the tooth and increase 
its resistance to fracture 




Fig. 16.3 a, b Clinical and radio- 
graphic view of a maxillary incisor 
severely weakened by caries of an 
endodontic access cavity, pulp 
chamber, and root canal which were 
exposed to the oral cavity for 2 years, 
c Endodontic treatment (apexi- 
fication and arrest of root resorption). 
The root canal filling ends 1 -2 mm 
below the marginal bone level, d The 
lingual cavity is acid-etched and 
unfilled resin is forced into the 
exposed dentinal tubules. The cavity 
is then filled with a composite resin 
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Fig. 16.4 Diagram illustrating intracoro- 
nal strengthening and restoration of an 
endodontically treated premolar. The 

orifice area of the root canal, the pulp 
chamber, and the access cavity are acid- 
etched and restored with the unfilled / 
filled resin technique. A gold inlay or 
amalgam filling may then be placed in 
the tooth with the resin as the base 



leaving enough space for a final metallic restora- 
tion. 

Coronal Restorations 

The acid-etch resin technique may also be useful 
to augment and strengthen existing coronal 
tooth structure when a crown restoration is 



planned. Quite often the use of a root canal post 
may be avoided when this method is used. The 
coronal 1-2 mm of the root canal should be in- 
cluded in the space to be acid-etched and filled 
with the resin. However, no additional flaring or 
enlarging of the canal should be carried out since 
this will further weaken the tooth. 



Retention of Prosthetic Appliances in I 

The need for retention of prosthetic appliances 
shows wide variations, depending on intermax- 
illary relations, type of appliance, and position 
of the tooth in the arch. Thus, the need for re- 
tention increases with increasing vertical over- 
bite and increasing cuspal inclinations. Also, the 
need for retention increases when crowns are 
used as abutments for fixed or removable partial 
dentures. The most demanding situations exist 
when crowns are used as distal abutments in 
fixed partial dentures with multiple cantilever 
pontics, or in removable free-end saddle partial 
dentures connected to their abutment teeth 
through some kind of precision attachment. 

When the need for retention has been estab- 
lished, the retentive capacity of the individual 
teeth is analyzed. Important in this regard is the 
volume and shape of the remaining tooth sub- 
stance. Retention increases with increased in- 
terfacial contact areas between crown, cement, 
and prepared tooth surfaces. However, the most 
essential factor influencing the retention is not 



Teeth 




the size of the contacting areas, but the geome- 
try of these areas, such as the angle of conver- 
gence between opposing outer surfaces and the 
relationship between the height of the prepara- 
tion and its base diameter. In general, sufficient 
retention is achieved when the angle of conver- 
gence is less than 20 ° and the inner diagonal of 
the preparation is longer than the base diameter 
(Fig. 16.5). If this cannot be achieved, proximal 
grooves may be prepared or a root canal post 
may have to be used for additional retention. 

Normally, the need for additional root canal 
retention through a post can be estimated by 
comparing the height (mean height) of the re- 
maining coronal dentin and that of an ideally 
prepared tooth. As a rule of thumb, the required 
extension of a post into the root canal apically 
to the gingival margin should be the same as the 
difference between the mean height of the re- 
maining coronal dentin after the preparation 
and the height of an ideal preparation (Fig. 16.6). 
To avoid unfavorable stress distributions in the 
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Fig. 16.5 Diagram of a tooth prepared for coronal 
restoration. Sufficient retention is generally attained 
when the diagonal of the prepared tooth (a) is longer 
than the diameter of the tooth at the gingival margin 
(b) 




Fig. 1 6.6 Diagram of a tooth with a root canal post to 
retain coronal restoration. Sufficient retention is 
usually obtained when the extension of the post into 
the root canal apically to the gingival margin (X) is the 
same as the difference between the ideal height of the 
prepared tooth and the average height of the 
remaining coronal dentin (Y); (X>Y) 



root during function, a root canal post should 
never end at the level of the alveolar crest. Its api- 
cal end should either be coronal to the crest or 
extend at least 2 mm beyond the crest level. At 
the same time, a root canal post must not extend 
into the apical third of the canal in order not to 
disturb the bacteria-tight seal provided by the 
root canal filling. With this in mind, there will 
always be limitations to the retention that can 
be obtained in a root canal, and if the retentive 
needs of a favored type of prosthetic appliance 
cannot be met by the tooth in question, the pros- 
thetic therapy should be altered. 

In addition to the length, the retention of a root 
canal post also depends on the geometry of the ca- 
nal preparation. The most important factor in 
this regard is the angle of convergence of the 
root canal walls. Optimal retention per unit area 
is obtained when the root canal walls are paral- 
lel or nearly parallel and a cylindrical post that 
fits the prepared canal is used (Fig. 16.7). How- 
ever, as is known, the coronal part of many root 
canals is ribbon-shaped or ovoid in cross section 
so that a preparation of the post space with par- 
allel walls may not be possible. In such instanc- 
es, prefabricated posts preferably should not be 
used, or at least they should be cemented with 
a material (acid-etch, composite resin) that will 
not break down as a luting cement might tend 
to do under such circumstances. 




Fig. 16.7 Radiograph of a tooth with post-retained 
coronal restoration. The post has nearly parallel walls 
and extends below the marginal bone to the midroot 
level of the root canal. This post gives excellent 
retention of the crown without interfering with the 
bacteria-tight seal of the root canal rendered by the 
root canal filling 



A root canal post should not be the sole re- 
tentive element of a crown. Teeth with posts 
should be provided with a sufficient circumfer- 
ential metal collar of the root as well. In contrast 
to the root canal post, the metal collar will, in ad- 
dition to its retentive function, also strengthen the 
root to a considerable degree. 
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Preparation of Root Canal Post Space 

When the need for retention has been deter- 
mined and thereby the apical extension of the 
root canal post, the post space is prepared. More 
mishaps occur during preparation of post spaces 
than probably during any other single endodon- 
tic or prosthodontic procedure. The burs which 
are specially made for this purpose are rigid and 
have agressive cutting tips and should not be 
used until the gutta-percha has been removed 
to the desired level of the canal. A safe and quick 
method of removing the gutta-percha is to place 
a drop of chloroform at the orifice of the canal 
and let it take its effect. Then use an engine-driv- 
en flexible nickel-titanium instrument with 
noncutting tip and taper 0.06 or 0.08 mm as 
needed. This instrument will follow the canal 
and remove the gutta-percha or at least prepare 
a space that works like a directional guide for the 
burs that subsequently are used to enlarge the 
canal and give the post space its final form. Us- 
ing this method the preparation of the post 
space usually occurs without incidents. If a post 
is not cemented in the same visit as the post 
space is prepared, the post space is filled with 
calcium hydroxide paste and sealed bacteria- 
tight until the post can be cemented. In this way 



infection of the post space and the root dentin 
is avoided. 

Cementation of Root Canal Posts 

Prior to cementation of the post, the post space 
is acid-etched to remove the smear layer from 
the walls of the post space. The cementing agent 
for routine use is zinc oxyphosphate cement A 
type of material that has gained some recent 
popularity is glass ionomer cements. However, 
these materials have not shown superior quali- 
ties in comparative tests and little is known 
about their long-term clinical properties. In 
wide root canals, as in immature teeth or in 
ovoid-shaped canals where a cylindrical post 
will not fit well in the coronal area, an unfilled/ 
filled resin combination should be used for ce- 
mentation of the post. The resin will fill the voids 
between the post and the walls of the post space 
and because of its superior strength in most in- 
stances will offer adequate support for the post. 
It is imperative that the walls of the post space 
be acid-etched when resins are used for cemen- 
tation. The wetting ability of a resin is poorer 
than that of a cement and the dentinal tubules 
have to be included for retentive purposes. 
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77 Prognosis of Endodontic Treatment 



A number of prognostic studies from many areas 
of the world have shown the overall success rate 
of endodontic treatment to be around 90%. 
Studies which in particular dealt with the results 
obtained with the standardized technique, 
found a success rate of 91 %. The conceivable in- 
fluence of a wide variety of biological and tech- 
nical factors on the outcome of endodontic 
treatment has been studied, and a fairly clear 
picture exists at this time as to the relative im- 
portance of the various factors. 

Age. No difference has been found in the re- 
sults of endodontic treatment in younger 
(< 35 years) or older (> 35 years) patients. 

Health. With the exception of patients with 
AIDS, it has not been found that impairment of 
general health implies a prognostic risk for en- 
dodontic treatment. 

Preoperative diagnosis. The overall success 
rate of endodontic treatment of vital teeth and 
nonvital teeth without radiographically visible 
apical periodontitis is 90-95 %. The success rate 
drops by 10-20% in nonvital teeth with apical 
radiolucencies. The size of the radiolucency 
tends to be of importance for the prognosis. No 
difference is seen in the results of endodontic 
treatment of teeth with asymptomatic apical 
periodontitis or of teeth with symptomatic api- 
cal periodontitis; nor does the presence of a fis- 
tula influence the prognosis. 

Root canal morphology. Endodontic treat- 
ment may be performed with a high degree of 
success in all groups of teeth. It might seem log- 
ical that the results would be better in anterior 
teeth than in molars where the root canal mor- 
phology is more complicated. However, several 
studies have shown the opposite results, namely 
that endodontic treatment is more successful in 
teeth with 3 roots (90%) than in teeth with 2 
roots (80 %), and better in teeth with 2 roots than 
in single-rooted teeth (70%). These rather sur- 
prising results are probably due to the fact that 
the relatively narrow root canals in multirooted 
teeth are more thoroughly instrumented than 
the wider canals in single-rooted teeth. The re- 
sults of a study with the standardized technique, 



where the apical third of the root canals was en- 
larged considerably more than in the previous 
studies, seem to support this hypothesis. In this 
study the results were the same in molars, 
premolars, and anterior teeth (91 %). However, 
morphological characteristics of the teeth are 
mirrored in the results of this study as well: the 
teeth which in morphometric investigations ap- 
peared to be the least suited for the standardized 
technique had the poorest results (mandibular 
incisors; maxillary first premolars). The results 
obtained in maxillary central and lateral incisors 
were also poorer than one might have expected, 
probably because, at the time of the treatment, 
one was unaware of how wide the apical part of 
the root canal of these teeth really is, and to 
which size it ought to be enlarged. Thus, a thor- 
ough knowledge of root canal size and morphol- 
ogy clearly is necessary to obtain the best possible 
results in endodontic treatment. 

Root canal instrumentation. The technical 
aspects of endodontic treatment have a great in- 
fluence on the prognosis. A prerequisite for ef- 
fective disinfection and successful obturation of 
the canal is adequate instrumentation. It is dif- 
ficult or nearly impossible by clinical means to 
determine if the apical part of the root canal is 
actually adequately instrumented. With the 
standardized technique, therefore, an attempt is 
made to combine radiographic findings and the 
clinical feel of the operator with a thorough 
knowledge of the actual width of the apical part 
of the root canal in the various types of teeth. As 
judged by the long-term results with this tech- 
nique, this appears to be a worthwhile ap- 
proach. 

Another factor in canal instrumentation 
which appears to be of prognostic importance is 
enlargement of the apical foramen or over-in- 
strumentation of the canal. This affects the prog- 
nosis negatively and stresses the fact that the in- 
strumentation should not include the foraminal 
area, but should terminate inside the root canal. 
Teeth with root canals which cannot be instru- 
mented to the desired apical level due to canal 
obliteration have a good prognosis, better than 
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that of teeth that are instrumented through the 
foramen. 

Microbiological status of the root canal. 

Several studies have shown that the prognosis 
of endodontic treatment will be 10-20% poorer 
if the root canal is infected at the time of obtu- 
ration. These studies were all carried out before 
the availability of molecular microbiological 
techniques for the identification of microorgan- 
isms from the root canal and it is doubtful at the 
present time how meaningful they are. There is, 
however, full agreement that root canal infec- 
tion should be eliminated before the canal is 
filled. Failures of endodontic treatment are almost 
invariably related to infection of the root canal 
system or the periapical lesion, or both. In a study 
of endodontically treated teeth which were ex- 
tracted because of endodontic failures, bacteria 
were found in the root canals and root dentin of 
all teeth. Similarly, all periapical granuloma re- 
fractory to endodontic treatment which have 
been studied so far by anaerobic culturing or 
molecular techniques were infected. 

Clinical complications. The occurrence of ia- 
trogenic exacerbations during endodontic treat- 
ment seemingly has no influence on the prog- 
nosis of the treatment. 

Root canal filling material. In most follow- 
up studies, biologically acceptable root canal fill- 
ing materials have been used. However, the re- 
sults of one study suggest that the choice of seal- 
er may influence the outcome of treatment. Also, 
from a large number of experimental studies as 
well as from clinical experience, the conclusion 
can be drawn that it is important for the prog- 
nosis of endodontic treatment to use tissue- 
compatible materials that do not irritate the 
periapical tissues. It is also equally important 
that a material is dimensionally stable for a long 
period of time and does not deteriorate under 
the influence of tissues and tissue fluids. 

Technical standard of root canal filling. In 
all studies, the technical standard of the root ca- 
nal filling has been found to have a decisive in- 
fluence on the result of the treatment. The apical 
level of the root filling is of importance in all 
teeth, but especially in vital teeth. However, even 
in nonvital teeth an excess of root filling mate- 
rial of more than 1 mm will cause a reduction 
in the success rate of more than 10%. An inad- 
equate seal of the root canal results in more than 
20 % poorer prognosis of endodontic treatment. 



This is the one single factor which has the greatest 
negative influence on the prognosis. When the in- 
fluence of an inadequate seal of the canal as 
judged radiographically is not even more devas- 
tating, it is probably because there is an effective 
seal somewhere between the apex of the tooth 
and the oral cavity that at least temporarily pre- 
vents the oral bacteria from reaching the peri- 
apical tissues. 

Coronal restoration. It has become increas- 
ingly clear that the coronal restoration of endo- 
dontically treated teeth is important for the 
long-term success of endodontic treatment. The 
coronal restoration will protect the rather sen- 
sitive materials in the root canal that provide the 
bacteria-tight seal, and in addition an adequate 
restoration may in itself prevent coronal leakage 
from occurring. Thus, in a recent retrospective 
study the best results of endodontic treatment 
were seen when both the root filling and 
the coronal restoration radiographically were 
judged to be adequate. And interestingly, an ad- 
equate coronal restoration improved upon the 
results of teeth with radiographically inad- 
equate root fillings. The poorest results were 
seen in teeth with both inadequate seal of the 
root canal and bad coronal restorations. 

Instrument fragment in root canal. Root ca- 
nal instruments, whether made of steel or nick- 
el-titanium, are bound to break occasionally 
during use. With untrained operators (students) 
this occurs in about one in every 100 teeth treat- 
ed. The fracture of an instrument in the canal 
may or may not have a serious negative influ- 
ence on the outcome of the treatment. To a great 
extent the effect of the mishap is dependent on 
the preoperative diagnosis, i.e., on whether the 
instrument fractured in an uninfected vital tooth 
or in a nonvital tooth with an infected root canal. 
Moreover, it depends on where in the canal the 
instrument fragment is situated und during 
which stage of the canal instrumentation the 
fracture occurred. Thus, if a sterile instrument 
fractures in a bacteria-free root canal near the 
apical level of instrumentation, the mishap may 
not influence the outcome of the treatment. On 
the other hand, if the fracture occurs at a dis- 
tance from the foramen in an infected canal, ef- 
fectively preventing adequate treatment of the 
apical part of the canal, failure of the treatment 
is almost certain. 
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As appears from the above, the prognosis of 
optimal endodontic treatment is excellent The 
technical quality of the treatment is of the ut- 
most importance, and if less than adequate will 
negatively influence the prognosis of the treat- 
ment. In this regard it is important to under- 
stand that inadequacies in root canal instrumen- 



tation and obturation may allow bacteria to sur- 
vive in or gain access to the root canal system 
and the periapical tissues. Thus, the underlying 
reason for failure of endodontic treatment is prac- 
tically always infection and the influence of bac- 
teria and bacterial products on the periradicular 
tissues. 
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systemic influences, 25-26 
Enterobacter, 37, 39 
Enterococcus, 37 

faecalis, 111 
eosinophilic granuloma, 63 
epithelial cell clusters, 31-32 
epithelial rests of Malassez, 43, 44 
erosion, 18 
Escherichia coli, 38 
ethylenediamine tetraacetic acid 

(EDTA), 106-107, 218, 222, 232 
Eubacterium, 36, 37 

nodatum, 36 
eugenol, 86, 142, 143, 171, 215 
adverse reactions to, 226, 227 
see also zinc oxide-eugenol 
cement; zinc 

oxide-eugenol paste; zinc 
oxide-eugenol 
sealers 

external inflammatory resorption, 
147, 148, 153-155 



facial swelling, 69 
fibroblasts, 6,31,54 
fibrocytes, 6 

fibroma, odontogenic, 60-61 

files, 158-160 

see also K-type instruments 

filling materials 

adhesive filling materials, 88 
prognostic significance, 248 
pulpal irritation, 22-24 
root canal filling materials, 
168-176 

gutta-percha, 168-169, 187 
materials with assumed 
therapeutic effect, 
173-175 
retrograde filling materials, 

175-176 
sealers, 171-173 
silver points, 169-171 
temporary fillings, 167 
see also restoration; specific 
materials 
film holder, 79, 80 
finger pluggers, 164 
finger spreaders, 164 
fistula, 45, 46, 47, 50-52, 53, 82, 135 
bacteriological sampling, 
117-118, 233, 234 



endo-perio lesion, 124 

furcation lesion, 127 

palatal, 51, 111 

persisting, 128, 130 
flap design, 133-134, 135 
fluorosis, tooth discoloration and, 

236 

bleaching, 240 
foramina 

apical, 37, 208, 209, 213 
location, 183 

mental, 56, 57 
foreign body granuloma, 42 
formaldehyde-containing filling 

materials, 173 

toxicity, 173-174, 224-226, 227 
formalin cytotoxicity, 40 
formocresol, 108, 109 
furcation lesions, 46, 124-125, 127, 

128 

perforation, 216, 217 
Fusobacterium, 37 
nucleatum, 36, 41 



Gates-Glidden bur, 203 

giant cell granuloma, 61-62 

gingival recession, 18 

gingival scarring, following surgical 

treatment, 134 
gingivectomy, 182 
glass ionomer cements, 246 
globulomaxillary cyst, 58 
glycosaminoglycan, 7 
gold fillings, 22 
granuloma 

eosinophilic, 63 

foreign body, 42 

giant cell, 61-62 

infective, 42 

periapical, 41, 42-44 

differential diagnosis, 56 
radiographic appearance, 
55-56 

gutta-percha, 52, 77, 168-169 
guns, 164 

root canal obturation, 191-199 
accessory points, 169, 192 
dipping technique, 191-192 
following apical perforations, 
218 

injection-molded gutta- 
percha technique, 193-194 

lateral condensation 
technique, 194-195 

removal of, 232, 246 

standardized endodontic 
technique, 195-198, 204 



standardized points, 169 
thermomechanical 

condensation techniques, 

194 

two-step techniques, 

198-199 
warm gutta-percha 

technique, 192-193 
root canal sealers, 173 



health, as prognostic factor, 247 
heat carriers, 192 
heat test, 77 

Hedstrom files, 137, 160, 213 

standardization, 160 
hemangioma, 62 
herpes zoster neuritis, 73 
Hertwig root sheath, 29-30, 31, 120 
histiocytosis X, 63 
history taking, 76 
hydrodynamic theory of dental 

hypersensitivity, 66 
hydrogen peroxide, 106, 150, 239, 

240 

hydroxyapatite crystals, 16, 19 
hypersensitivity see dental 
hypersensitivity 



ibuprofen, 145 

immature nonvital teeth, treatment 
of, 120-123 

apexification, 120-122, 123 
prognosis, 122-123 
root-fractured teeth, 123-124, 
126 

impression methods, 85-86 

incisive canal, 56-57 

incisors 

mandibular, 209 
maxillary central, 202-203 
maxillary lateral, 203-204 

incomplete analgesia, 215 

incomplete fracture, 79 

infarct, 26 

infection 

nonvital teeth, 104 
prognostic significance, 248, 249 
retreatment and, 232-233 
root canal, 33-36, 104, 112, 116, 143 
disinfection, 107-112, 113 
portal of entry, 36-37 
root resorption and, 147-148 
superinfections, 233 
see also apical periodontitis; 
bacteria 
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infraocclusion, 156 
injection-molded gutta-percha 

technique, 193-194 
instruments, 158-166 

fracture of, 224, 225 
fragment in root canal, 
129-130, 225, 226 
prognostic significance, 248 

root canal instruments, 158-163 
obturation, 163-165 

surgical instruments, 166 
interferon-y, 44 
interleukin-1, 43, 44, 147 
internal resorption, 147, 148, 149- 

150, 198, 199 
intra-ligament anesthesia, 78-79 
intracoronal restorations, 242-244 
intrapulpal injection, 215 
intratubular dentin, 4, 5, 16 
invasive canal cyst, 58 
iodine 

allergy, 49, 226 

root canal disinfection, 108 
IRM-cement, 176 
iron, tooth discoloration and, 237 
irradiation, pulpal damage, 24 
irrigants, 40, 105-107 
irritation 

cumulative effect of irritants, 
25 

local tissue irritation, 224 
pulpal, 22-24 
ischemic necrosis, pulp, 26, 153, 
184 



jaws 

cysts of, 58-59 
infection, 70 
tumors of, 59-62 



K-type instruments, 159-160, 183 
K-files, 137, 159-160, 183, 185, 
186,211,222, 224 
master apical file, 185 
K-reamer, 159 
standardization, 160-161 
Klebsiella, 39 
Kloroperka N-O, 173, 191 



lamina dura, 31 
lamina limitans, 4, 5 
laser Doppler flowmeter, 78 
lateral canals, 202 



lateral condensation technique, 
194-195 

lateral periodontitis, 32, 45, 46, 124 
lentulo spirals, 164 
leukemia, 25, 26, 62 
leukotoxin, 41 
lidocaine, 215 

intrapulpal injection, 215 
lipopolysaccharide, 41, 42 
liquefaction necrosis, pulp, 26, 184 
local tissue reactions, 224 
long cone parallelling technique, 

79, 80, 180 
luxated teeth, pulpal necrosis and, 

21 

lymphatic vessels, pulp, 7-8 
lymphocytes 

in apical periodontitis, 41, 43- 
44, 54 

in pulpitis, 12, 13 
lymphoma, malignant, 62 
lymphotoxin, 43, 44, 147 



macrophages 

in apical periodontitis, 41-42, 43 

in periodontium, 31, 54 

in pulpitis, 12, 13-14 
magnesium oxide, 90 
malignant tumors, 26, 62 

lymphoma, 62 
mandibular nerve paresthesia, 224, 

227 

marginal leakage, 24, 87, 88, 175 

tooth discoloration and, 238 
mast cells, 31 
master apical file, 185 
maxillary sinusitis, 72 
maxillofacial surgery, pulpal 

damage, 25 
medicaments 

adverse reactions to, 224-227 
allergic reactions, 226-227 
local tissue irritation, 224 
neurotoxic reactions, 
224-226 
see also specific medicaments 
mental foramen, 56, 57 
mesenchymal cells, 6 
metastases, 26 

methyl methacrylate resin filling, 
24 

metronidazole, 118, 233 
microburs, 165, 166 
microhandpiece, 165, 166 
migraine, 74 

mineral trioxide aggregate (MTA), 
123, 176 



mineralization, tooth discoloration 
and, 236 
bleaching, 241 
mirrors, 165, 166 
molars 

mandibular, 212-214 
distal root, 213 
mesial root, 213 
third molar, 214 
maxillary, 206-208 

distobuccal root, 207, 208 
mesiobuccal root, 207, 208 
palatal root, 207, 208 
third molar, 208 
monochlorphenol, 108 



nasal fossae, 57 

neuralgia, 73 

neuritis, 72-73 

neuropathic pain, 73-74 

neurotoxic reactions, 224-226 

neutrophilic leukocytes 

in apical periodontitis, 42, 49 
in pulpitis, 12, 13, 14 

nickel-titanium instruments 
engine-driven, 187-188, 246 
flexible, 188, 204, 205, 214, 217 
K-type instruments, 159-160, 
224 

rotary instruments, 161-163, 
187-188 
nonvital teeth, 104 

apical periodontitis refractory to 
endodontic 

treatment, 116-120 
prognosis, 119-120 
surgical treatment, 39, 

118-119 
systemic antibiotic treatment, 
117-118, 119 
bleaching, 238-240 
conservative treatment, 
104-116 

chemomechanical 

instrumentation, 105-107 
clinical considerations, 

112-114 
disinfection of root canal, 

107-112 
follow-up, 115-116 
iatrogenic flare-ups, 107 
indications, 104-105 
obturation of root canal, 112 
prognosis, 114-116 
prophylactic antibiotic 

treatment, 114 
retreatment, 128-129, 131 
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nonvital teeth 

discoloration, 237-238 
emergency treatment, 143-145 
immature nonvital teeth, 
120-123 

apexification, 120-122, 123 

prognosis, 122-123 
root-fractured teeth, 123-124, 

125, 126 
see also surgical-endodontic 

treatment 
nutritional deficiencies, 25 



occlusion 

symptomatic apical 
periodontitis, 144 

traumatic, 143, 144 
odontoblast-receptor theory of 

dental hypersensitivity, 66 
odontoblastic layer, 5, 8, 20, 29 

age changes, 9 
odontoblasts, 5-6 

in dental hypersensitivity, 66 

irradiation effects, 24 
odontogenic fibroma, 60-61 
operating microscope, 178 
optical tests, 79 

oral surgery, pulpal damage, 25 
orthodontic band, 182 
orthodontic treatment 

pulpal damage, 24-25 

root resorption, 25 
osteitis deformans, 63 
osteoblasts, 31, 54 
osteoclasts, mechanical 

stimulation, 146 
overfilling, root canal, 1 92, 200, 218, 

227-228 
oxidizing agents, 106 
oxidoreductase activity, pulp cells, 

29 



Paget's disease, 62, 63 
pain, 65, 141 

acute, 73 

analgesics, 145 

chronic neurogenic, 73-74 
psychogenic component, 73 

cyst infection, 70 

following pulpectomy, 101 

neuropathic, 73-74 

periapical, 68-69 

periodontal diseases, 70 

postoperative, 101, 139 

pulpal, 65-68 



dental hypersensitivity, 

65-66 
features of, 68 

symptomatic pulpitis, 66-68 
referred, 74 

salivary gland swelling, 72 
sinusitis, 72 

temporomandibular joint 

dysfunction syndrome, 72 
tentative diagnosis, 79-80 
trigeminal neuritis, 72-73 
see also emergency treatment 

palatal abscess, 49, 115 

palatal fistula, 51, 111 

palpation, 77 

parathyroid extract, 25 

paresthesia, 227 

mandibular nerve, 224 
overfilling and, 228 

parotid gland infection, 72 

penicillin, 118, 232-233 

Peptostreptococcus, 37, 69 
micros, 36 

percussion test, 76-77 

perforation defects, 137 

periapical abscess, 49-50 

periapical cyst, 43, 44-45, 58 
differential diagnosis, 56 
radiographic appearance, 55-56 

periapical granuloma, 41, 42-44 
differential diagnosis, 56 
radiographic appearance, 55-56 

periapical lesion 

bacterial sampling, 118 
infection, 37-39 
surgical treatment, 118-119 
see also apical periodontitis 

pericoronitis, 70 

periodontal abscess, 57, 70, 71, 82 
periodontal cyst, 58 
periodontal disease, 20, 45, 67 

dentin exposure, 18 

pain and, 70 

pulpitis and, 20 
periodontal ligament, 29, 31 

epithelial cell clusters, 31-32 

fibers, 32 

innervation, 32 

necrosis, 148, 150, 155, 224 

vascular supply, 32 
periodontal pocket, 46, 57,1 24, 125, 

151 
periodontitis 

interradicular, 45 

lateral, 32, 45, 46, 124, 202 

see also apical periodontitis 
periodontium, 29, 31 

age changes, 32 

cells, 31-32 



composition, 31 
fibers, 32 

ground substance, 32 
innervation, 32 
morphology, 31 
repair, 54 

vascular supply, 32 

see also apical periodontitis 
periradicular osteosclerosis, 59 
phosphoric acid etching, 239, 240 
pink spot, 151 

plasma cells, in pulpitis, 12, 13 
plexus of Raschkow, 8 
pluggers, 163, 164, 165, 166 

finger pluggers, 164 
Porphyromonas, 37, 41, 48, 69 

endodontalis, 36, 37 

gingivalis, 36, 37, 41, 67 
posts, 245 

cementation of root canal posts, 
246 

perforations, 221-222 
preparation of root canal post 

space, 246 
removal, 129, 131 
tooth strength and, 242 
potassium nitrate, 142 
precementum 

mineralization, 146 
removal in external 

inflammatory root resorption, 
153 
predentin, 2 

mineralization, 146 
premolars 

mandibular, 210-212 
first, 210-211 
second, 211-212 
maxillary, 204-206 
first, 204-205 
second, 205-206 
pressure resorption, 146-147 
Prevotella, 37, 41,48, 69 

intermedia, 36 
prognosis of endodontic treatment, 
247-249 

nonvital teeth, 114-116, 
119-120 

immature nonvital teeth, 
122-123 
prognostic factors, 247-249 
age, 93, 247 

coronal restoration, 248 
filling materials, 248 
health, 247 

instrument fragment in root 

canal, 248 
preoperative diagnosis, 

247 
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prognosis of endodontic treatment 
prognostic factors 

root canal instrumentation, 
247-248 

root canal microbiological 
status, 248 

root canal morphology, 247 

technical standard of root 

filling, 248 
pulp capping, 91-93 
pulpectomy, 103 
surgical-endodontic treatment, 

139 

see also treatment failure 
Propionibacterium, 37 
prostaglandin E2, 43, 44, 147 
Proteus, 39 
provocation tests, 78 
Pseudomonas, 37 

aeruginosa, 38, 119 
pulp, 5-30 

abscess, 12-13, 14, 29, 68 

age changes, 8-9 

amputation see pulpotomy 

arteriosclerotic changes, 9 

calcifications, 9 

cells, 5-7 

coronal, 5, 8 

exposure, 89, 93 

emergency treatment, 
141-142 

extirpation, 98-100, 183-184 

fibers, 7 

fibrosis, 9, 20 

ground substance, 7 

healthy, 82 

inflammation, 9-15, 66-67, 89 

capping and, 93-94 

see also pulpitis 
innervation, 8 
malignant tumors, 26 
metastases, 26 
mini-amputation, 91 
morphology, 5 

necrosis, 20-21, 22, 25, 26, 82, 
104 

apical periodontitis and, 33 
calcium hydroxide and, 90, 93 
discoloration and, 237 
internal root resorption and, 

149-150 
ischemic necrosis, 26, 153, 

184 

liquefaction necrosis, 26, 184 
pulpectomy and, 97 
see also nonvital teeth 
polyp, 15 

reaction patterns, 9-12 
removal see pulpectomy 



repair, 26-30 

local repair, 26-29 

revascularization, 28, 29-30 
subodontoblastic region, 6 
tissue pressure, 10-11 
vascular supply, 7-8, 7 

recanaliculization, 29 

revascularization, 28, 29-30 
pulp capping, 88-94 
failure rate, 91 

follow-up examination, 92-93 

indications, 89 

inflamed pulp, 93-94 

prognosis, 91-93 

pulpal seal, 90-91 

tissue reactions, 89-90 

wound dressing, 89 
pulpal pain see pain 
pulpectomy, 97-103, 183-184, 185 

clinical considerations, 101-102 

emergency treatment, 142 

follow-up examination, 103 

indications, 97 

prognosis, 103 

temporary failure, 99, 103 

treatment principles, 97-101 
apical dentin chips plug, 100, 
101 

calcium hydroxide-induced 

apical bridge, 100 
instrumentation, 98-100 
postoperative pain, 101 
pulp extirpation, 98-99, 

183-184 
root canal obturation, 
100-101 
pulpitis, 9-25, 82 
acute serous, 67-68 
acute suppurative, 68 
anesthesia test, 78-79 
apical periodontitis and, 33, 46 
asymptomatic, 82 
etiology, 15-25 

cumulative effect of irritants, 
25 

dental caries, 15-17 
dentin exposed to oral cavity, 
18-20 

iatrogenic factors, 21-25, 84 
traumatic injuries, 20-21 

pathogenesis, 12-15 

proliferating, 15 

retrograde, 46 

symptomatic, 66-68, 82, 96 
emergency treatment, 
141-142 

thermal stimulation, 78 
pulpotomy, 94-97 

clinical considerations, 96 



emergency treatment, 142 
follow-up examination, 96 
indications, 94-95 
tissue reactions, 96 
wound dressing, 96 
pus 

periodontal abscess, 49-50 
pulpal abscess, 12, 14 
pyknosis, 26 



quaternary ammonium 

compounds, 106, 108 



radicular cyst, 44 
radiographic examination, 79, 80, 
180 

root canal length determination, 
183, 184 
rasps, 158 
reamers, 158-159 
recanaliculization, 29 
referred pain, 74 

replacement resorption, 138, 148, 

150, 155-156 
replantation, 138 

resin chloroform, 173, 191 
resins, 167 

composite resin restoration, 240 

root canal sealers, 172-173 
natural resins, 173 
synthetic resins, 172 

tooth strengthening, 242-244 
resorption see bone; root 

resorption 
resorption lacunae, 137, 149-150, 

151, 152, 199 
restoration, 242-246 

bleached teeth, 240 
marginal leakage, 24, 87, 88, 175 
prognostic significance, 248 
pulpal irritation, 22, 24 
resin restorations, 87-88, 91 
retention of prosthetic 
appliances, 244-246 
cementation of root canal 

posts, 246 
preparation of root canal post 
space, 246 
strengthening endodontically 
treated teeth, 242-244 
coronal restorations, 244 
intracoronal restorations, 
242-244 
tooth discoloration and, 
237-238 
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restoration 

see also filling materials; pulp 
capping 
retreatment, 128-129, 131, 
230-234 
indications, 230-232 

root filled teeth with apical 
periodontitis, 

230- 231 

root filled teeth with normal 
apical periodontium, 

231- 232 

surgical retreatment, 233-234 

treatment-resistant cases, 
232-233 
retrograde fillings, 125-126, 128, 

130, 132, 137, 175-177, 223 

materials, 175-176 
retrotips, 165, 166 
revascularization, 28, 29-30 
RISPI file, 158 
root canal 

access cavity, 102, 112, 179-181 

accessory, 46, 202 

bacteriological sampling, 117 

blunderbuss-shaped, 199 

calcified, 180, 222 

curved, instrumentation of, 
188-189 

disinfection, 107-112, 113, 114 

divided, 198 

filling materials, 168-176 
gutta-percha, 168-169 
materials with assumed 
therapeutic effect, 

173-174 
retrograde filling materials, 
175-176 

silver points, 169-171 
infection, 33-36, 104, 112, 116, 
143 

external inflammatory root 
resorption and, 153 

portal of entry of bacteria, 
36-37 

prognostic significance, 248 
see also apical periodontitis 

instrument fragment in, 

129-130, 225, 226 
prognostic significance, 248 
instrumentation, 102, 143, 
158-163, 182-189 
apical box preparation, 

185-187, 189, 195-196, 

204 

chemomechanical 
instrumentation, 184 

crown down preparation, 
187-188 



curved root canals, 188-189 
engine-driven instruments, 

161-163 
hand instruments, 158-161 
nonvital teeth, 112-113, 129, 

137 

prognostic significance, 

247-248 
retrograde, 137 
step-back preparation, 
184-185, 186 
internal root resorption, 147, 

149-150, 198, 199 
irrigants, 40, 105-107 
lateral, 202 

length determination, 183, 184 
location, 180-181, 204, 207-208 
morphology see dental 
morphology obliteration, 
222-223 
obturation, 99-101, 102, 112 
biological obturation 

techniques, 200 
instruments, 163-164 
retrograde root filling, 
125-126, 128, 130, 132, 
137, 175-177, 223 
two-step techniques, 

198-199 
with gutta-percha points, 

191-197 
with pastes, 200 
with silver points, 189-190 
overfilling, 192, 200,218, 

227-228 
perforation see root perforation 
pluggers, 163, 164 
posts, 242, 245 
cementation, 246 
post space preparation, 246 
removal, 129, 131 
pulpectomy and, 98, 99 

apical dentin chips plug, 100, 
101 

sealers, 40-41, 171-173 
based on gutta-percha, 173 
based on natural resins, 173 
based on synthetic resins, 172 
based on zinc oxide and 

eugenol, 171-172 
with gutta-percha points, 
191, 192-193, 194, 196 
with silver points, 189-190 

spreaders, 163-164, 194 

weeping, 224 

with incomplete root formation, 
198-199 
root fracture, 125, 146 



endodontic treatment, 123-124, 

125, 126 
pulpitis and, 20-21 
surgical-endodontic treatment, 

133 

root perforations, 130, 150, 
151-152, 189,217-222 
apical perforations, 217-220, 
221 

from the pulp chamber, 216-217 
lateral perforations, 220-221 
mesiocervical, 205 
post perforations, 221-222 
strip perforation, 221 
root resorption, 146-156 

cervical resorption, 132, 133, 

147, 148, 150-152 
treatment, 151-152 

endosteal resorption, 148 
external inflammatory 

resorption, 147, 148, 153-155 
following orthodontic treatment, 

25 

following pulpectomy, 98, 99 
infection and, 147-148 
internal resorption, 147, 148, 

149-150, 198, 199 
invasive resorption, 151 
overfilling and, 228 
pressure resorption, 146-147 
replacement resorption, 138, 

148, 150, 155-156 
resorption lacunae, 137, 149- 

150, 151, 152, 199 
surgical-endodontic treatment, 

132-133 
transient resorption, 146, 149, 

153 

with ameloblastoma, 59 
with giant cell granuloma, 62 
rubber dam, 181-182 
clamps, 181 



salivary gland swelling, 72 
sarcoma, 62 
scalpel blades, 164, 166 
Schwann cells, 8 
Sealapex, 174-175 
secondary dentin see dentin 
Selenomonas, 36 

noxia, 36 
sensitivity tests, 77-78 

cold test, 77 

electric sensitivity testing, 77-78 
heat test, 77 

laser Doppler flowmeter, 78 
test cavity preparation, 78 
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silicate cement fillings, 88 
silver amalgam, 1 75 
silver points, 169-171 

corrosion, 170, 190 

root canal obturation, 189-190 
sinusitis, 72 

sodium hypochlorite, 1 06, 1 07, 1 1 1 , 
122, 150, 232 

adverse reactions to, 224, 226 
sodium perborate, 239 
Sonic Shaper, 158 
Sphingomonas, 37 
spiral filler, 164 
spreaders, 163-164, 194 

finger spreader, 164 
standardized endodontic 

technique, 195-198, 204 
Staphylococcus, 37 

aureus, 176 
Stenotrophomonas, 37 
step-back preparation, 184-185, 

186 

strengthening endodontically 

treated teeth, 242-244 

coronal restorations, 244 

intracoronal restorations, 
242-244 
Streptococcus, 37 
strip perforation, 221 
subluxated teeth, pulpal necrosis 

and, 21 
sulfur granules, 37, 39 
Super EBA, 176 
superinfections, 233 
surgical instruments, 166 
surgical-endodontic treatment, 

125-139 

aftercare, 139 

apicoectomy, 137-138 

asepsis, 133 

flap design, 133-134, 135 
follow-up examination, 139 
indications, 126-133 
conventional treatment 

ineffective, 128 
external root resorption, 

132-133 
instrument fragment in the 

root canal, 129-130 
post in the root canal, 129, 131 



primary surgical treatment, 

126-128 
retreatment, 128-129, 131 
root fracture, 133 
root perforations, 130 
intentional replantation, 138 
microbiological and microscopic 

examination, 134 
perforation defects, 137 
prognosis, 139 
resorption lacunae, 137 
surgical access, 133-134 
surgical retreatment, 233-234 
symptomatic apical periodontitis 

see apical periodontitis 
symptomatic pulpitis see pulpitis 



T lymphocytes 

in apical periodontitis, 41, 43-44 

in pulp, 13 
temporary filling materials, 167 
temporomandibular joint 

dysfunction syndrome, 72 
tentative diagnosis, 79-80 
test cavity preparation, 78 
tetracycline, tooth discoloration 

and, 236-237, 240 

bleaching, 240-241 
thermal stimulation, 78 
thermomechanical condensation 

technique, 194 
tissue retractors, 165, 166 
tooth-colored materials, pulpal 

irritation, 22-24 
toothache see pain 
traumatic occlusion, 143, 144 
treatment failure, 230-231, 232, 

249 

see also endodontic 

complications; prognosis of 
endodontic treatment; 
retreatment Treponema, 37 
denticola, 36, 37 
socranskii, 36 
trigeminal neuralgia, 73 
trigeminal neuritis, 72-73 
tumor necrosis factor, 43, 44, 147 



tumors 

of the jaws, 59-62 
of the pulp, 26 



ultrasonically energized 

equipment, 129, 131, 137, 165, 

166, 224, 225 
ultraspeed equipment, 85 

water spray requirement, 84 



Veillonella parvula, 36 
vertical fracture, 57, 79, 228-229 
Vincent's infection, 70 
vitality testing see sensitivity tests 
vitamin deficiencies, 25 



walking bleach method, 239 
weeping canal, 224 
whitlockite crystals, 16, 17, 19 
Woody Woodpecker method, 187 
wound dressing 

pulp capping, 89 

pulpotomy, 96 



zinc oxide-eugenol cement, 80, 
137, 167 

discoloration, 237 

emergency treatment, 141, 142 

retrograde fillings, 176 

use in bleaching, 238, 239 

use in pulpectomy, 102 

use in pulpotomy, 96 
zinc oxide-eugenol paste, 86, 167 

pulp capping, 89, 90-91, 94 
zinc oxide-eugenol sealers, 

171-172, 192 

solubility, 171-172 

toxicity, 171, 172, 173 
zinc oxiphosphate cement, 182, 246 



